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N AND | STABILITY CONSIDERATIONS FOR UNIQUE PIER | pha 


1 F, ASCE, and David P. Billington,” 2 A. M. ASCE 


SYNOPSIS 
stability of Pier r 40 City are. described. Particular 
tion is paid to the method of analysis used for studying the the stability o of 
pier when | Subjected to to lateralimpact. 


> 


INT TRODUC TION 


This — the design and stability consideration on of a 
cargo and passenger pier on the Manhattan shore of the Hudson River, onl 


rection of the Department of Marine and Aviation of the City of New York le 
lease to the Holland-America Line, the terminal, to be known officially as 
Pier 40 , replaces five old finger piers which, although | providing ten berths, 7 
had completely inadequate shed and berthing areas. 


_ Special features include provision for simultaneous, put sepa- 
: rated, large- scale cargo and passenger operations; on-site handling and park- 
ing of trucks and trailers, completely removedfrom cargo areas; pick-up and 7 


discharge of passengers by private automobiles traversing an interior peri- 
pheral roadway on the passenger level; streamlined flow of cargo and pas- © 
sengers between ship and shore; and provision for automobile parking facili- | 


Note. .—Discussion open until October 1, 1961. - To extend the closing date one month, © 
F a written request must be filed with the Executive Secretary, ASCE, This paper is part 
& the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the 

American Society of Civil Engineers, Vol, 87, No. WW 2, May, 1961, 

Prof, and Chmn.,, Dept.of Civ, Engrg., New York Univ., Cons., and Schae- 


2 proj, Mgr., Roberts and Schaefer Co., New York, N. Y. oan 
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ies the passenger deck and on the are 
ery to the main ideck, , and a Operations are all concentrated on the 


Fig. 1 s 5 rendering of the It is ro roughly 
- 800 ft square, with a 140-ft finger projection at the southwest corner, and has | 
wider than usual berths (140 ft) at the upstream and downstream faces. The 
: _ Burtoning system for handling cargo is evident along the periphery of the roof 
: deck, An unusually wide 20 ft) apron is provided around the periphery on the 
maindeck, 
ene. cargo deck is dene for a live load of 600 psf, and the truck court 
is designed for a live load of 300 psf or H20-S16 truck- trailer loading. The 
clear height to the second deck varies from 11 ft to 14 ft. In general, trucks 
are restricted to the truck court which is tail- gate | height below the cargo 
eee ‘Ramps between truck court and cargo deck are provided, however, to 
: enable the driving of trucks on the cargo deck when necessary. i See 
os _ The second (passenger) deck is shown schematically in Fig. 2. It is designed a 


for alive load of 100 psf. Automobiles and baggage trucks entering the terminal — 
at street level will drive up a ramp toa peripheral driveway provided for - 
Convenient discharge or loading of and visitors. Room will 


for driving directly to the. roof deck ‘ane there is space for the ‘commercial 
_~‘parking of approximately | 800 | cars. That deck is designed for a live load of 


_ The North American operating offices ot the Holland-America Line are _ 
located on the second deck, along the inshore face, and operating offices for the 
terminal are located below, on the first deck. Waiting : room and eating areas 
are also located on the second deck. 
_ The terminal is constructed in three phases: a) substructure, including 
demolition of old superstructure, consisting of all structural work 
tural, mechanical, and work, The total estimated construction c¢ 
is approximately $17,700,000, which is broken yer 4 into $8,500,000 © 


rock and designed for a total compressive force of 105 tons, ‘Before it was 
decided to use steel piles, several other systems, including wood piles, , cast-— 
in-place ‘concrete ‘pipe piles, and ‘precast concrete. piles, were investigated. 
Structural steel piles were chosen primarily because of their immediate 

- availability | at the lowest competitive price. New York City ordered these 

| piles under a ‘separate contract, previous to award of the general foundation 
ie for a price less than 6 cents per pound delivered to the site. 


Pn When steel piles are used, corrosion protection must be considered. in 
New York harbor a variety of of experience with steel piles in water is < available, 


“4 
a 
a 
7 
4 
| 
7 
| 
oe 
| 


FIG, 1.—ARTIST’S RE 
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; but it is not at all consistent . In some areas structural steel piling has ap- a a 
7 parently been satisfactory, but in other areas a significant loss of steel area a 
to provide against electrolytic corrosion by means of a cathodic protection 
system. In the splash zone between low water and high water a three- layer 
bituminous coating was specified to prevent significant corrosion resulting _ 
from alternate exposure to air and water. 
‘Test borings ' were made at various locations onthe site. Depth from water | 
‘surface to mud line varied from 20 ft to 30 ft alongside the existing piers which 


= were to be demolished. _ Directly beneath these piers the depth varied from 


= has been noted after a few years. For this project it was considered essential 


2 ft to 10 ft. The existing mud line was not disturbed except around d the peri- 
phery of the new terminal, where it was dredged to 35 ft. -—erie ean 4 


_ Below the mud line the silt gradually increases in density to a depth ap- | 


cis roughly 75 ft 
to 85 ft below mean ‘low water there is no ees of sand. During pile driving © 
operations it was noted that in these areas the steel piles dropped directly | 
to rock under. weight, | thus indicating virtually complete lack of 


frictional resistance. 

Pile bents are 20 ft on Fig. 3, con- 
crete pile caps are cast integrally with continuous beams, generally “Spanning — 
in a direction perpendicular | to the periphery of the. structure. a ny Mes 
_ The narrow extension piece at the southwest corner ofthe pier is’ supported | 


bv ar amaedt as is the rest of the structure, except t that batter piles are 


is narrow and requires few ‘piles for the vertical loads since it has only a 
one-story shed. oa were introduced to provide lateral stability for 


a 
z 
layer Of sand begins and extends to rock which 1s found at depths Varying Irom 
Sy 
FIG, 3.—MAIN DECK UNDER CONSTRUCTION | 
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Several types of systems were investigated for the 2,600 lineal 
ft of docking space. Originally, a system utilizing rubber blocks as bumpers | 
was designed; however, the cost was too high. ‘Because this was true of other 
methods studied it was 3 decided to provide nothing more than a simple sys- 
tem of timber fendering. ' This consists of white oak piles driven about 45 ft 
~ into the mud and connected to the peripheral concrete fender girder by means 
of wooden | chocks and whales. ‘Special buffer dolphins are provided at the three 
- outshore corners of the terminal. All of the piles and timbers used in these — 
vulnerable areas are greenheart, and hollow rubber tubes are provided to 
pee: Prestressed panels span between pile bents. Concrete keys were | cast bee 
tween adjacent panels to tie them together transversely, and concrete was 
also cast between panel ends over the beams. Prestressing strands were left _ 
extending © from the ends. of the panels into the cast concrete, as shown in _ 
Fig. .” so as to provide a lateral tie over the beams. A bituminous ea 


surface is used over the panels» to provide a smooth even finish for the — 


‘manner: 
1. The sheds of the five old piers were 
2. Piling was shipped, loaded onto old Pier 37, spliced to. length, : and coated. 
“ 3. Piling was driven in the areas between existing piers by water rigs and 
through the old pier d decks by land | rigs. 
al 4. Beam forms: were e erected over piles located between the old p piers, and 
the beams were cast fromthese piers, 
5 Floor panels, shipped by truck from a casting plant about 10 wee 
were erected by means of cranes placed on the. existing piers. 
several rows of panels were placed, connecting joints were cast and, when 
they had acquired design strength, the cranes were able to move onto the 
6. When sufficient panels had been erected to permit working room, the 
old pier substructures were demolished and concrete beams cast over the 


a Nearly half of the Kon in-place | concrete was placed in winter. The con- 
tractor was permitted to cast when the temperature was above 20°F, but he 
required maintain a 50°F concrete temperature for three days: after 
eas 
_ sides of ‘the forms and by covering the top of the concrete with salt hay and 
tarpaulins, 
oa a The contract provided for load tests to be performed on the precast pre-— 
7 stressed panels when deemed necessary. Several times during the job 28-day — 
eylinder strengths were below the contract requirement, generally 5,000 psi. 
a. Corresponding panels were, , therefore, designated for testing, as were certain 
7 panels cast and cured under condition of low temperature. Loading was applied 
gradually up to two times design load by means of two 100-ton hydraulic rams 


Spaced roughly at the quarter points of the spans (the spans varied from 20 ft 
to 25 ft). Small cracks appeared which were evenly distributed in the central | 
_ half of the panel but they disappeared on release of the load. The performance 
_of these panels was good a, to permit the contractor to utilize them in the 
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ee panels” were tested to destruction. They withstood a superimposed y 
‘oad of 3.5 times design live load before failure by yielding of the strands — 
analysis, this. indicates a compressive strength of concrete in the neighbor-— 
hood of 6, 000 psi whereas the 28-day cylinder strengths were under 4, 000 


psi. no slip of on strands even though the fail 
— was only 4 1/2 ft from the end of the panel. ew vo 


SUPERSTRUCTURE 


A complete design of the superstructure was prepared ‘based on a pre- 
framing sy stem. to asking for bids it was concluded 


— 


ire 
— | 


DESIGN 
that, as a result of changed circumstances regarding availability and — 7 


: sibility of submitting an alternate bid based o on n structural steel framing w was 
written into the specifications. It was required that any such bid be based on 


was , 1% less than the low bid in structural steel. In; addition, it was “approx xi- 
mately below the engineers’ estimate of $4,268,000. 
_ Fig. 5 shows various stages of completion of the superstructure. ‘Precast - 
panels are stacked in the truck court, ready for use, 
_ Typical framing for the concrete superstructure is shown in Fig. 6. On _ 
second: deck the beams and girders act as simple spans under dead load but, | 
with in place, act as continuous members load. 


om 
G. 5,-AERIAL PHOTOGRAPH DURING CONSTRUCTION 


Certain functional ‘requirements resulted some of the second 
girders being highly stressed. The top elevation of the second deck was fixed 
by the operational requirement for passenger gangplanks from the ships. 
The clearance from the maindeck tothe under side of the second deck girders | 
was fixed by cargo handling requirements. The girders, spaced 40 ft to 50 ft 
on centers, carry heavy loads; and, to reduce maximum stresses as much as 
practicable under the circumstances, they were designed with single or double — 
cantilever ends. To reduce stresses further, and two of pre- 
stressing were used in | ia the following m manner: a 


reaching a ‘specified strength ac 000 pei or 5, 000 psi, 


on design strength) a typical double cantilever was post-tensioned with about _ 
_two- thirds of its total prestressing 
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ly below the 

The was then erected | and placed di: direct y be elow the loca- 

4. all the precast of the second deck and roof in 

oe remaining | prestressing force ‘was applied t to the girder and the shoring 

5. The second deck slab was then mnie in n place 


erected Givectiy from the trucks. cast- in-place s slab, ‘5 in. thick, 
the entire second deck framework together. 
_ The post-tensioned girders and the pre- -tensioned beams on the roof deck 
are generally not continuous. The channel slabs, of lightweight reinforced con- 
7 27 ft — $5 8 — — 
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FIG. 6. —TY PICAL SUPERSTRUCTURE FR FRAMING 


posite with the beams “ng ‘means of a cast-in- otha concrete strip over the 
tie for the entire structure. 

> Generally, prestressed concrete members © were designed using s 28- 


beams. The beams at the onnumn Sine line are made continuous to act as a lateral 


| 


6 


concrete strength of 5,000 psi, but the most heavily stressed members were 


STABILITY 


A typical analysis o of the stability of the | pier included ; all piles between 


expansion joints on column lines H and N (Fig. 2) with a ship striking either 


piles involved are oriented so that bending due to ship impact is 
minor principal axis of the pile cross section. 


the north or south end of this portion of the terminal. . Virtually all the 889 


May, 1961. WW 2 
i 
> 

— 
= this method prestressing is provided f live 
| the structure, but initial overstressing 

The post -tensioned girders were precastatuie site, aujaceme to COlumns 
which support them. The prestressed concrete beams were manufactured in 
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PURE DESIGN y 


‘It is assumed ‘that a 36,000-ton ship, witha velocity of 0.55 fps” 
perpendicular to” the face of the pier, strikes along the center of gravity © of 
the piles. It is further - assumed that the collision is elastic, that is, no energy 
is dissipated through damage to ship or pier. Furthermore, energy losses 
‘resulting from elastic deformation of the ship’s hull, from rolling or yawing 
of the ship, or from piling up of water are neglected. . This assumption is con- 
servative. It has been estimated? that anywhere from 25% to 90% of the kinetic | 

- energy is delivered to a pier, 40% being considered a fair estimate for the a 
_ type of ship here under consideration. 


From considerations conservation ‘momentum and energy, 


“1 + mg v2 = vy' + m2 vp" (1) 


‘Eliminating vy! and for v2", 


in which is the mass of mg denotes the mass of pier, v1 refers to the 


velocity of ship before impact, vj' is the velocity of ship after impact, ° v2 de-- 
scribes the velocity of pier before impact, and id denotes t the of 


since is equal | to ze: zero, Eq. 3 reduces to 


If it is assumed that two- thirds live load will 


4 present (average load per pile equal to 175 kips), then 


4850 sec® rift 
mq 000 = = 2224 sec? ft 


2224 + 4850 0. 55) = 0.34 346 fps 
Foras single- degree- of- freedom system which has eubjocted to 
= velocity vg', it can be shown that, assuming no damping, the maximum 


acceleration nis 
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“Docking Fenders Key to Pier Protection,” by Louis A. Volse, Engineering News 


inw whichw the so-called velocity, 


in which k is the spring constant, or force aposnnety to displace the system 7 
a unit distance from its equilibrium position. 
‘The piles are rigidly fixed by the girders into which they frame, and the - 
- girders are of such dimensions that they can be considered to have infinite _ 


end sotetionnl stiffness relative to the piles. Since the latter can alao be con-— 


constant. per pile ‘would t be, if - ) vertical load were present, x 


= of the pile due to a horizontal load F applied at the top; E is the modulus veal - 
< elasticity; Tr is the moment of inertia of the pile cross-section about the axis 7 
_ of bending; and L is the distance nanenians the fixed top and the fixed bottom of | 
_ Since a vertical load is present, the expression for k must be modified 


because a vertical load will increase the lateral deflection. A pile subjected — 


es horizontal and vertical loads is shown in its deflected position in Fig. 6. 7 


As larger load P is the deflections are magnified 


Then, , assuming the deflected ‘shape as a half-. sine | curve, suc- 
’ of deflection due to P can be computed as follows: 


+ 53 + 7 (9a) 
i 


ww2 =f 
vi 
— 
Gf 
: 
the critical loa 1S attained. e deflections increase without 1 
and substituting from Eqs. 8 
tz 
— 
_$_ 


‘This expression is given sat oe but it was felt the preceding de deri- 
vation would be of interest as clearly s showing the basis for the expression < and i 
‘the amount of approximation involved. 
constant k, effect of vertical load load, is, by 


a 1 1) 


and, from Eq. 10, 


which, from Eq. 7, beco 


‘L=512 in; 


- kips per in. for one pile; = 780 kips | per in. for 889 piles; and p. = 175 — 
(The values for L and12 E “4 L3 were actually obtained onthe basis of a field 


9 
T=: 30 x x 103) 326 
Per= 367 kips 


and, from Eq. 13, the s spring constant is 


_12E ( 


a - 


of 


w= = 4850 4850 1.01 radians per sec. 
from ‘Eqs. 4 and 5 


1.0100. = -0. .349 ft per sec 

346 t= 4. Alin. 


heory of Elastic Stability,” by Ss. Timoshe nko, ‘Me Gr: aw-Hill Book Co., New York, = 


8 wwe DESIGN. & 
| 
| 
= 
— 1%) | 
— 
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= 4850 (0.349 
F = 1690 
: = 1.90 kips per r 


or for the kinetic energy ice. These two factors will result in a 

lower stresses. . It is assumed that ten timber fender piles will participate in 

i reducing the impact. The spring constant for each of these piles is. estimated | 

at 7 kips per in. deflection, or 70 kips for ten piles. _ hn tory 

889 steel piles | and ten fender acting in series the combined spring 
e 


= 60 kips per in. is 
‘Then, proceeding a as 


_ With F equal to 645/889, or 0.73 kip per pile, and 6/2 equal to 0. 79 in, 
‘maximum moment i 


= 645 kips 


( 5 (0.79) +0. 73 (256) = 925 in, kips 


Soe 
force delivered to the pier a 
— 
max = 178 (2.08) + 1.90 (258) 
— Can 

q 
= ® — 


Computations indicate teat, under the unusual condition of full impact, the 
fender piles m may rupture. This is ‘not considered serious since they will very 
nearly have performed their function and — can readily and cheaply be re- 

_ ‘The reduced lateral stiffness (spring con: meine: with effect of axial load in- 
cluded) can be determined precisely for members with or without aed 
-ends.° The charts presented by J. Michalos consist of of plots of end rotation 


and carry-over factors versus aparameter kml, in which 
is equal to, Viz and m is equal to 1 for a iain member. Then, for the 


ere then 


‘The end moments and vertical load of ipo are shown in re. 1. 


~The value of the ing 
as follows: 


74% 


00 E 1 
11.00 E1 (512) 2 
— 
30,000 (326) L? 


* 


~ 


which is id identical t to the —" obtained earlier! pon Eq. 13. The same result 
could also be obtained using B. W. James’ formula for prismatic members. a 


In order to ‘substantiate the design assumptions with respect to behavior § 


—_ collision loads, Ralph B. Peck, F. ASCE, was retained by the structural 
designers to study the soil conditions and makea report. In that report it was 


concluded that the ‘pier will | be stable under the impact of a 36, 000- ton ship 


York, 1958, pp. 446-453 and Appendix, 1 to 25. 

; __ § «Principal Effects of Axial Load on Moment- Distribution Analysis of Rigid Struc- 

- tures,” by Benjamin Wylie James, NACA Tech, Note No, 534, July, 1935, pp. 25-26. 
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ws : end moments due to unit translation of one end relative to the other ~ 
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"striking the pier with a velocity of 0.55 fps. . Particular emacs paid to 
the effect of variable depth to line. 


FOUNDATION ID INVESTIGATIONS | 


Depth at which piles car can be considered fixed. 

2. The restraint on the pile top offered by the concrete pile cap. ae 

- The relationship between lateral load and lateral movement of th the pile 
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FIG. _7.-DISPLACED POSI- FIG, 8,—-UNIT DISPLACE- 
_ TION OF A ‘PILE iv a MENT OF PILE 


In order to help determine t the depth at which | the piles could be considered - 
fixed, a Wilson tiltmeter was used on one of the piles. On the basis of readings 
made when a lateral load was applied to the pile, it was concluded that the - 
point © of fixity for this pile was approximately 17 ft below the mud line. © 
More than 3,000 piles were used. Toget an economical and quick compari- 
_ gon of soil stiffness in different locations _ a series ¢ of shear vane tests were > 
made. These tests indicated a uniformity of lateral resistance throughout the - 


area. 
fixity of the pile tops” was tested by a line of piles, which 


— 
jj. Investigations we 
— 
all 
— | 
— 
Vig 

— 
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PURE DESIGN 
draulic ram reacting against one of the oldpiers before demolition. The mae 
ment of the pile line was measured at each end and recorded for each incre- 
ment of load. ™ first test was made with a movement that might be expected 


piles; and 6= 1. 62 in. 
For fixed i top: bottom » 


4 - 


L512 in, = 42.7 ft 
te test no. 2: /P= 40.3 kips for sixteen n piles; 5 = ai .96 in; and L = 41.6 ft. _ 
_ Soundings show that the mud line is approximately 20 ft below the mean low 
water line, and the tiltmeter, as previously s stated, indicated 17 ft to point o: of 
— ‘fixity. The pile cap soffits are an average of 7.5 ft above mean low water. oq 
The total length to fixity would then be approximately 
=20+7. 5+17= =44.5 ft 


compares fairly well with the results of the ste. seems reason- 
able to assume that the pile tops are fixed against rotation and that lateral 
“movements ar are re proportional to load. | 7 


22.8 kips for sixteen 
= 
= 
{ 


—— 
- 
— 
— 
— 
— 


7 


> 


‘May, 1961 


Journal o of the 

A’ TERWAYS AND HARBORS 


paid’ of costs pertaining to stabilization of the caving banks of an 

alluvial river is not particularly difficult, but realistic appraisal of 
benefits preneae some interesting problems in both the physical and account- | ( 
ing fields. In the latter, comparison of total benefits during the life of a bank - 
_ Stabilization project with total costs during the same period is suggested as 5 
possibly being a better criterion of economic merit than the ratio between 
annual “equivalent” benefits and annual costs if interest rates pertaining to 
benefits: differ materially from those pertaining to costs. Ih the physical - 
field, gradually changing patterns of land use, and growth in population and 
industrial development challenge the adequacy of losses experienced in past | 


decades as a criterion of future benefits from prevention of continued a . 


_ F reservoirs) offer the same challenge. The role of accretion in restoration of 
revenues is somewhat controversial. 
‘The use . of estimated future bank lines as a basis for computing benefits — 1 

4 eliminates certain of the objectionable aspects of sole reliance on historical - 
bank recession and damages. The criterion of benefits from stabilization a 
correlation between river stage and rate of bank recession provides a means — 
@ adjusting estimates of future land loss to reflect the influence of existing © 


or authorized Comparison of aerial photographs = 


= 


- a —Discussion | open until October 1, 1961. To extend the closing date one month, 
aM written request must be filed with the Executive Secretary, ASCE. This paper is part 7 
of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the 


Society of Civil Engineers, Vol. 87, No. WW 2, May, 1961. 
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selected localities taken a at intervals. during a period ‘years affords a 


TYPES OF LOSSES PREVENTED BY STABILIZATION 
_ The primary benefit resultant from stabilizing the caving banks of a river 
ae prevention of loss of land and improvements. There is an important dis- 
_ tinction to be drawn between the two types of loss. A barn that caves into the 
river can be immediately replaced. A threatened barn can often be a! 
away from the bank before the river engulfs it. A structure continues 
by replacement, immediately goes back into service. But the 
revenue from an acre of land destroyed in any one year is also lost for each eb” 
Succeeding year thereafter. The construction of bank-stabilization works, 
\ with | a useful life of 50 yr, would permit the realization of annual revenue _ - 
from the acreage which, without the protection; would cave into the river the 


from the acreage that in absence of the protection would cave into the river - ; 
the second year; and so on for 50 yr. . The total of benefits during the 50-yr 
‘life of the project, in terms of net annual returns from the protected acreage, 
- would be 1,275 times the average number of acres which without protection, 
would lost caving, multiplied by t the ome 


— BASES C OF COMPARISON BETWEEN BE} BENEFITS AND COSTS 
In order to appraise the economic worth of the project, benefits mu must be- 
eee with costs. The latter normally consist of amortization of invest- — 

enance, and operation, and customarily are reported on an annual 
basis. The simplest comparison between benefits and costs of a stabilization 


project with a 50-yr life, would be to compare total costs during the i 


_ life of the project with 1,275 times the average annual loss of net revenue 

_ _ The benefits, however, do not accrue at a uniform rate. Problems of com- 

pound interest are involved. The prescribed procedure isto treat the benefits le 


increasing annuity, to compute the present value of the increasing 


= 


annuity, and by applying to the present value the amortization factor, to arrive 
at what is termed the average annual “equivalent” benefit. The “present — 

value” or “present worth” of an increasing annuity is the capital sum which, 

‘if placed at interest, ata given rate, will amount at the end of the life of the 

annuity to the sum of the compound amounts of all the annuity payments. The 
* average annual “equivalent” benefit is the annual rental of a constant annuity — 

that, with a life ig to that of the inc ero annuity ; and with the same rate 


“Umally bank stabilization projects of significant magnitude are undertaken 
the federal government. Interest rates vary from time to time, buta 
"generally accepted standard rate for the federal government’ s borrowing is — 
3 1/2% per annum. If a bank stabilization project having a useful life of 50 —- 
prevented bank caving which each year was destroying land from 
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0, the would, form of ; an increasing 


oaer s interest rate would presumably be 2 1/2% and the annual average > 
“equivalent” benefit, approximately ‘$61,000. The project would have a 
benefit-cost ratio in excess of unity if annual charges for maintenance and — 
4 for amortization of investment were less than $61,000. 

Ordinarily _ benefits from a stabilization project accrue to private 
7 landowners or associations thereof, rather than directly to the federal govern- 7 
ment. Interest rates vary for private borrowing also, but in economic analyses — 


q 


it is more or less standard practice to assume in connection with non-federal Zz 
funds, an interest rate of 4% per annum. It has been decreed that the average 
@: annual “equivalent” benefit, if it accrues to non-federal agencies, be com- ae 
> puted on a 4% basis. Computed on the basis of 4%, the average annual “equiva- -_, 
lent” benefit would be approximately $53,500 instead of $61,000. The actual - 
physical benefits, and the annual costs, assuming the same basis of mainte- | 
- nance in each instance, would be unchanged. But with annual charges of - 
— $55, 000, the project which would show a benefit-cost ratio of approximately _ 
1.1, with the government as the direct beneficiary, apparently would fail of " 
economic justification (benefit-cost ratio 0. 97) if a non-federal agency were 
_ the beneficiary, and the benefits earned 4% instead of only 2 1/2% interest. 
Perhaps the philosophy underlying this seeming anomaly is that since 
non-federal borrowing is at 4%, non-federal earning is also 4%, so that the | 
average annual “equivalent” benefit of $53,500 represents the annual subsidy | 
that would be required to compensate owners for the loss of land, inasmuch | 
as they could earn 4% interest on it, compounded. This is of small comfort — 


to the landowners, who know there is not the remotest chance of such a subsidy © 


It is suggested that the true effect of a bank-stabilization project on the > 


economy might better be gaged by comparing total costs of its life with total ; 


_ earnings; in each case using the applicable interest rates, compounded as a 
“means of compensating for deferment of benefits. Annual charges of $55, 000, : 4 
financed from loans at 2 1/2% might aggregate approximately $5,400,000 in 
yr. Annual benefits , increasing at the annual rate of $3,000, computed as 
an increasing annuity at 4%, would increase in 50 yr to approximately 


PHYSICAL ASPECTS OF DETERMINATION OF 


The realistic determination of benefits also presents physical problems. _ 
It may be helpful to preface remarks concerning them by analyzing briefly 
some of the characteristics of alluvial rivers. Speaking in general terms, their 
 *‘banks have been built by the rivers themselves, and consist of a top layer of 
- fines, usually in the silt classification, underlain by sands. The stream pur- 
sues a sinuous” course. of reversing bends connected by tangents of varying 
length. Deep water is found along the concave sides of the bends, which is 


where ‘major of bank takes place. The concave bank re- 


< Benefits Based on Study of Historical Bank Recession. “it maps of tt the wee 
are available , showing the present bank lines and those of former years, © 


‘comparison will indicate average annual rates of bank recession actually ex- 


net revenue was $3,00 * 

A 
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perienced. By ‘classifying the lands destroyed, the average annual loss ss during 
the period studied of pasture land, cultivated areas, woodland and so on, can — 
be determined, Consultation with the United States Department of Agriculture — bb 
= and with local agriculturists will permit fairly accurate estimates of net 
annual return from each type. Consultation with the owners will provide the — 
a data for estimating losses occasioned by destruction of structures, and the 
power ‘lines, and so. on, n, made n necessary by bank recession, Inasmuch as the 
; stabilization project probably will have a life of 50 yr, it is desirable that the | 
f time interval between the bank lines compared be as long as the data permit. 7 
2 By reducing all experienced damages to a per annum basis, and assuming 
_ that the figure so derived will be applicable to the following 50 yr, a measure 
of the principal annual benefit attributable to stabilization of the banks results. >a ; 
‘The ‘method has certain shortcomings, however. Left entirely to its own 
: devices, a river probably would cave its banks approximately as much in one 
ie, half-century as it would in another. But the chances are that it has not been _ ; 
and will not be left entirely to its own devices. Instead, there may be in pro- 7 
spect a new or extended levee system, some artificial cut-offs, and rel 
De a few flood control reservoirs on the stream itself or on its major tributaries. 

_ And it is almost certain that the development of its flood plain will have = 
° changed materially, during the years, so that even though the actual area of wu 
= land annually destroyed 1 were the same in the future as in the } past, the re- 

sultant damages might be quite dissimilar, = = 
_ Benefits Based on Projection of Future Bank Lines.—A better plan, where — | 
’, it is possible to use it, is to project future bank lines on the basis of past 
experience, and to evaluate losses of the various types enumerated previously — 
on the basis of actual present-day (or, in special cases, even the foreseeable _ 
future) development of the specific areas which the study shows are likely to 


7 -*~ destroyed if caving is allowed to proceed unchecked. 
oe It is not likely that the positions of the bank lines of 50 yr hence can be 


.* and occasional natural cut-offs lead to confusion when long-range — 
is attempted ine a single step. It is necessary in such cases to proceed by 
fairly short steps. It is sometimes practical to project for 10 yr or 12 yr, 
and then to double the indicated movement, to develop a not- improbable 20 yr- 
_ to-24-yr future bank line. Even in developing the 10-yr-to-12-yr projection, | 
it is best, where feasible, to study two previous river courses instead of ell 
one; that is, to divide the study period into two parts, one representing where 
a practical, , a period of small floods and the other including a | major flood. 
3 Asa check on the ‘reasonableness of the projected bank line, it is always 
is wise, after determining the area of land loss indicated for the length of river | — 
under consideration, to compare it with the areaactually destroyed in a prior 
of equal length, Unless there is some obvious reason to the 
they should agree, probably within 15%, ‘if the projection has been carefully 
conducted. It is considered good practice to adjust the area lost as indicated _ 
_ by the projected bank line, to agreement with that actually destroyed in an 
_ identical nstorical ical period, and t to adjust the total of indicated future damages» 
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in the same ratio. This adjustment does not attempt actual modification of U 
projected bank lines but it is purely mathematical, __ : 


answerer OF F BENEFITS TO TO REFLECT CHANGES IN REGIMEN 


On the general pattern previously outlined, certain other adjustments may 
be imposed if circumstances warrant. ! For example, by means of actual meas- 
urement of bank inanumber of bends during the rise 


data Pi ve period used May | be compared with those of the same period of 
equal length considered more nearly typical of normal regimen. awe 
Used in conjunction with the relationship between rate of bank recession 
_ and river stage previously d derived, the comparative stage duration data will | 
“permit adjustment of indicated ‘rate of bank recession. Similarly, if flood 
- control reservoirs of sufficient capacity to modify seriously the hydrographs _ 
of future floods are in prospect, the correlation between stage and rate of © 
bank recession, in conjunction with comparative stage duration data for floods 
of record routed first through natural storage and then through reservoir | 
storage, will provide a of bank recession and 
of consequent damages. 


General Considerations. the direct that stabilization of 
_ banks would prevent has been determined, there remains the problem of “ool 
counting them appropriately to reflect the compensating effects of f accretion 
There are two schools thought on | the subject. One holds that in n economic 


“usually is. the “economic aspect of a project with a 
_ useful life of only 50 yr, the concept does not seem to be as far-fetched as it 
At the other extreme, it is occasionally argued that e even though the river 
width remains substantially constant throughout the years, there is no time 
lapse between erosion of bank and restitution of area by accretion. Whether — 
it requires 10 yr or 200 yr for an accretion to form, the same processes that © 
_ produce it today were operative 10 yr and 200 yr ago. At all times, there are 
—- accretions to replace lost lands and restore lost revenues. This 
_ thesis is not quite correct either. River banks cave at moderate river stages, 
“put they can accrete to elevations high enough to make them useful only, - ol 
exceptionally. high stages prevail, which is infrequently. Fresh accretion a 
also quite subject to destruction by caving. It may also be added to an island — 
or be otherwise | inaccessible. In all probability it will be ultimately usable 


| 

— 

| 
recession can be derived. River stage is not the only factor affecting rate of 
a bank recession, but it is probably the principal factor, and provides the only — | 
convenient criterion. If the period providing data for the projection of future | 
! 
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#3 


‘May, 1901 
mally preclude continued accretion. It prevents fresh losses of land already 
in use. Accretion will continue from caving banks in the reach itself during = 
_the years between inception and completion of the project (and their number 
may be large) from material derived from whatever deepening ‘of channel 
4 follows the bank protection, from bank caving in reaches upstream from the 7 
project, and from erosion of uplands. It may slow down, but the character Zl - 
deposits may improve by including a larger percentage of silts, In addi- 
i_ tion, of course, any deepening of the stream would tend at least, to compensate — 
d Bie (by lowering flow line) for any reduction experienced in elevation of deposits. a - 
_ a The coarser, underlying sands eroded by the river’ s current do not travel — 
t far from the ‘point of | their introduction into the stream, but the fertile, a 7 
material _which overlies them, travels great distances. Much of it 
may reach the sea, , where a large part, _ perhaps most of it, is forever lost _ 
to man’s use. In some cases it forms deltas. The Po River pushes its delta  - 
- out into the Adriatic Sea at the rate of approximately 40 ft per yr, and permits : 
4 the reclamation of approximately 300 acres of land per annum, . The Shatt-al- 
Arab , formed by the junction of the Tigris and Euphrates, empties into a 
7 Persian Gulf whose present (1961) head is perhaps 170 miles seaward of its — 
position of 5,000 yr ago. But even in such cases the deposit of fertile silt a 
X probably extends so far below ‘depth of cultivation, that most of it has been 
The Congo River empties into an ocean c: canyon so o deep that no delta ore 


‘been formed. The Rio Magdalena encounters great depths not far off-shore 
- at Barranquilla. In 1935 and again in 1945, a disappearance of delta deposits 
into this abyss caused loss of a portion of the jetty system. eees 
ee enormous weight of sediment brought down by the Mississippi River 
through the ages, apparently has depressed the earth’s crust at the river’s 


channel requiring ‘dredging at the entrance to ‘Southwest Pass, and some 
crease in land by reason of natural delta advance seems to be taking place. 7 


4 4 
thet streams of the United States | appears to be destroying < a 4 valuable — 
_— national resource. Part of it is destroyed permanently by being carried a 
the sea , and part of it temporarily by substituting sand bars for farm land. 


‘Studies « of Actual Cases.—In an effort to pass from the generic to the spe- 


since 1945, their development was traced for some 24 yr to 26 yr. 
At locality “A” in 1930, bank recession was just giving place to acoretion. 
At locality “B,” two sand bars had already appeared in a bend, At locality 
, “C” a point bar was enlarging, and at locality “D,” fill was depositing along © 
In 1956, aerial photographs at “A” and “B” showed pasture (apparently N 
unimproved). _ Backing up, year by year, it was found that the pastures appar- 
ently began ‘around 1950. They definitely were not in existence in 1949. In 
the case of locality “B,” the newly created pasture already had begun to cave | 
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in the erosion-accretion cycle, several actual Cases were examined 
1958-59. Selected at random on a fairly large stream for which aerial photo- 
— 
“a ; an . BY ad been almostentirely cleared, an e brus ad been ‘4s 7 
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enue piled, apparently : for burning. In 1954 the area appeared to be ne 

pasture. As of 1956 no threat of destruction by bank caving was evident. 

mars In the case of locality “D” a wide accretion had formed by November 1945, 

: and by the following October, there were willows and one small patch of what 
; - appeared to be grass, adjacent to the high 1930 bank-line, By 1948, grass was | 


to appear farther in the upstream portion 


- grassed portion of the bar had been destroyed 3 bank recession, and only 
the wooded, downstream portion survived, The latter still enlarging 
downstream as a bare sand bar. By September 1954 the surviving land be-| 
tween the 1930-45 shore lines (approximately half of the 1945 
area) was perhaps 70% good woodland pasture 
Whether the four cases studied are collectively representative, en ie 
“of course problematical, but inasmuch as they were selected at random, , they 
a well may be. Considering their individual case histories, and the fact that a 
esis is likely to do its most active bank caving within the limits of its con= — 
temporary meander belt, the conclusion seemed tenable that for the stream 2 
a in question, a period of 30 yr may elapse between the time of bank caving 
and the use of the compensating accretion for t bar pasture. The latter utiliza 
_ Hon, at least for ‘the stream studied, 
anticipated. In the case of the caving of low woodland areas (areas too low 
even for pasture), it was felt that a lapse of only 10 yr need be assumed for 
restoration to low woodland; that is, , 4 yr for accretion to the lower elevation | 
considered necessary and — 6 yr for growth of willows to marketable size. = 
. _ Method of Discounting Benefits. —Just as the prevention by bank stabiliza- : 
tion of the destruction of land by bank recession represents an arithmetic 
progression ¢ of benefits, so the restoration of revenues by natural ~oo-paaealll 
after a lapse of years discounts the computed benefits in arithmetical pro-— 
a gression. The progression begins, in the case of the stream previously — = 
_ ‘Studied, approximately 10 yr after destruction by bank caving, by which time _ 
Le ee. willows may be assumed available. The net revenue thus yielded 
—_ iss small, but gives place in time to that derivable from pasture. = 


ee Pattern. of Accretion. —It is not to be inferred from the foregoing that each — 
specific area of land lost reappears eventually in its former location, first 
- as low woodland, and later as pasture. There is no convenient means of we 
a _ termining what the nature of future accretion will be at a given locality. A - 
_ possible compromise would be to assume that within the period represented © 
by the life span assigned to the proposed project, land lost by caving will 
eventually reappear as a sand bar, woodland, unimproved bar pasture, and — 
_ improved bar pasture, The reappearance of such land will be, substantially, 
in the same 2 respective proportions currently exhibited by the areas involved — 
| these categories with respect to the total area embraced by the four cate- 
gories. ‘This implies that cropped land destroyed will not reappear as such, _ 
that portions of it will reappear in each of the four lower classifications 
Int e particular case of the stream for which the time lapses — 
SS pide were deduced, it was considered proper for various reasons to | 
- assume that if the unimproved pasture acreage was lost, only half el 
land. The reappear as unimproved pasture and that half would remain wood- 


land. The ; assumptions both as to time lapse between loss and resumption of | 
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revenue and the pr probable pattern | of distribution | of lands between 
classes, will vary with the characteristics of the stream under consideration. 


PRACTICAL ¢ CONSIDERATIONS AFFECTING STABILIZATION PLANNING» 
Ses a large levee, a highway, or other expensive improvement bees been 
harness by bank caving, riparian interests frequently have revetted the 


= or have built groins or training walls, and thereby have protected the 


areas immediately threatened. This often has contributed little toward the | 
- permanent stabilization of the river’s banks because the installation of 
lated and unrelated stabilization works ignores an important aspect of regi- 
- men previously noted herein, namely, the tendency of river bends to migrate _ 
_ downstream, As the result of this tendency, a caving bank in the course of 
time is blanketed by a sand bar, and the point of current attack moves down 
river. If the erstwhile caving bend was revetted, the installation is no longer | 
useful because it is no longer under attack, and the total mileage of the caving 
is the same as ‘it was before the revetment was placed. 
“This has been a hard lesson to learn. There are miles of expensive bank 
‘revetment behind wide sand bars along the major alluvial rivers. It requires 
_ firm resolve to expend large sums to protect a river bank where there is no 
imminent threat to an expensive improvement. But the testimony of mile on > 
— mile of inactive revetment irrefutably points to the necessity of a compre- 
hensive plan of control if the problem is ever to be finally solved. = © 
A comprehensive plan is the stabilization in such sequence as conditions — 
-may~ dictate, of every actively caving bend lying between points at which the 
positions of the banks of the stream are permanently fixed. Such fixed or 
_ control points may be at localities where the channel follows the bluff line © 
or where for some other reason the bank is composed of non-erodible ma- 
terial. It may on the other hand be a town or a bridge, where, by reason of | 
the values involved, present local alinement is established and will unques- 
_ tionably be ‘preserved at whatever cost, by artificial means, Between such 
_ control points, the order in which the intervening bends are stabilized, and 
the time of treatment of indi of individual | bends will be 8 will be dictated sled common sense 
GENERAL PROCEDURE SUGGESTED F ECONOMIC ANALYSIS 
practically every instance, an alluvial river with .a flood plain wide 
ough to make the cost of bank stabilization worth considering, is leveed. 
| ‘The procedure suggested for determining the economic soundness of eee 


its banks is briefly as follows: 


Using available, de determine for the reach under 
‘consideration (which must normally extend from a “fixed” point to another | 
“fixed” point) the extent and cost of the revetment, and pile dikes, required 

- to protect all of the actively caving bank and the annual charges appertaining 


7 thereto. Where material savings in length of protection can be affected by 


‘means of artificial cut-offs across necks of land, they should be included in 
- the plan. In n general, asar a rule-of-thumb for planning, cut-offs probably should 
be restricted to situations in which the bendway distance between opposite 
ends of of cut-off is not less ; than three times the length of cut- off, 
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RIVER BANK STABILIZATION 
and classify, as cropland, pasture, woodland, sand t bar, and 
“so on, all of the land inthe reach considered, lying between the opposite levee 
7 lines (or between levee and high land where one bank does not ‘require levees) r 
thatis, allofthe landinthe floodway, 
ae 3. From study of past maps, aerial photographs, and any other pertinent 
_ data available, project probably bank lines as far into the future as practical. -_ 
_ 4, Planimeter by classes the lands indicated for destruction. Compute the 
loss of revenue corresponding to the indicated loss of land, and determine el 
_ cost of the levee set-backs and adjustments of power lines, pipe lines, bridges, 
railways, and highways required, the cost of moving other types of structures 
_ and the value of non-removable structures that the veosusten will destroy, 
estimating cost. of adjustments to to levees, railways, roads, and such, 
follow the policy adopted by the owners. A iene probably would not be set 
back far enough to provide a 50- -yr life. Several set-backs might be required. 
‘Similarly pipe- line adjustments, road, and railway relocations may entail 
several moves” during a 50-yr period. Include such additional structures a 
bridges, pipe lines, and so on, as the normal development of the effected —_ 
during the assumed life span of the proposed project appears likely to involve. . 
— _ Discount revenue losses in (4) by estimated net revenues derived from 
_Planimeter actual area destroyed by bank recession within the reach 
ete considerable during aprior periodof years as nearly equal to the period 
used in the projection study as available data permit. Adjust computed losses — 
as suggested by the ratio between experienced and estimated areas annually 


Estimate collateral deriving: from stabilization of banks, These 


which readily can be evaluated, Removal of the threat of destruction by — 
recession should improve the marketability and price of lands far from the 
river; should warrant the expense of improvements to. riparian properties 
"which | would increase their productiveness; should improve the type of use 


_) to. which lands under threat of loss are put; should eliminate the hazard ol 


reduce the maintenance ‘costs of any ‘isolated stretches ‘of revetment — 
in the reach. If the program involves cut-offs, the lowering of flood cond 
May produce flood-control benefits of considerable magnitude by reducing 
back water overflow at ‘mouths of tributaries. The horse-shoe lakes formed 
_ by the abandoned bend-ways may yield material recreational and wild-life 


Determine the between tangible benefits, (direct and collateral) 


The destruction of good farm land by bank caving represents a loss of a 

"natural resource which increases in importance with density of population, 

despite present (1961) agricultural gurpinses. Its prevention, tobe 
7 successful, ‘Should er embrace, in proper Sequence, caving banks between points | 
 atw which the bank ‘position is already permanently fixed. Bank protection is- 

expensive that it can be ona scale, only on rivers” 
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where wide and fertile 01 or highly valleys are menaced 


bank recession. In the United States, rather comprehensive physical data 


_ usually have been accumulated with respect to such rivers. A fairly rational 7 
- approach can be made from these data to the problem of Pemaertengeng read 


“tures, and necessary relocations would be « determined, 

on eae can be adjusted to give effect to the influence of engineering | 

works, existing or anticipated, which will influence mer and rate of 


=) 


caving. 


= on a fairly rational basis if a series of aerial photographs during a 7 


period of years is available. 
_ Both revenue lost from bank ¢ caving and rev: revenue restored by | accretion be- 


~ comes an arithmetical progression. Orthodox procedure in economic analysis 
converts present worth of the increasing annuities thereby represented, _ 
average annual “equivalent” benefits, which later decreases as the interest | 
earned by the annual benefits increases. A pratente basis of comparison 
Whe appear to be total benefits versus total costs, deeeieai ae interest 
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_ CATHODIC PROTECTION OF MARINE TERMINAL FACILITIES © 


By Milano 


‘The use “of cathodic protection to inhibit corrosion of steel pilings at Port 7 
" of New York Authority Marine Terminal Facilities is outlined. The integration 
and development of cathodic protection system design with various types of 


marine structures is described, together with a presentation of maintenance 


rocedures and syste 


INTRODUCTION | 
_ Today (1961), the Port of New York Authority’s marine terminal facilities 
_ provide some 2 20% of the deep- water channel cargo k berths in the Port of onl 


_ The protection of these pilings to obtain reasonable longevity is a primary 
; ‘consideration in the initiai selection of pile | material. The choice of protection 
: to apply is ultimately based on economics. In general, three types of’ protec-_ 
tion are used, namely, paint coatings, concrete encasement, and cathodic pro- 
tection Herein will be described ‘the integration of cathodic protection 1 re- 
quirements with the overall design of marine structures. 
_ From the first installation of a cathodic protection system at Port Newark 
(Newark, N. J. .) ae 152 Wharf in 1953 to May 1961, the application, design, - 


—Discussion open until Outoher 1, 1961. To extend the date one month, 

4 a written request must be filed with the Executive Secretary, ASCE, This paper is part | 

_ of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the — 
American Society of Civil Engineers, Vol. 87, No. WW 2, May, 1961. © avast at 


Terminals and Constr. . Div., Port of N. Y. 
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and maintenance en these syst systems have changed considerably. Part of. this ev ev- 


sult of direct chemical or cheateediionsest reaction with their environments. 
-Itoccurs because in many environments most metals are not inherently — 
and tend to revert to some more stable combinations of which the metallic 
ores, as found in nautre, are familiar examples. _ ee ee 
‘The best known galvanic or ‘electrochemical corrosion occurs when two a 
_ dissimilar metals are in contact in the presence of a conducting medium. This | 
a analogous to what takes place in the common wet-cell battery. (aaa 
a Each metal has its own level of activity called electrical potential. When 
_ two metals, such as steel and zinc, are connected and immersed in an electro- 
_‘lyte, , such as sea water, electrons will flow from the zinc (the anode) to the 
_ The flow of electrons 
results i in n the release of metal ions s from the anode surface into the electrolyte. 
Teen the cathode, the electrons attract hydrogen ions from the sea water. 
These ions are neutralized by the electrons and a thin layer of nascent hydro-_ 
gen is “plated- out” on the cathodic surface. The steel cathode is protected by 
the current flowing to it and by the insulating properties of the hydrogen film = 


a .. be anodic and cathodic sites on n the steel itself. ‘The local corrosion 1 cell 
may be a galvanic couple, oxygen concentration cell, or a cell made up of an 
anode at astressed portion of the structural metal anda cathode at an unstres- 
sed one. As corrosion proceeds, the anodes and cathodes will shift and the > 
corrosion will appear to progress as an even, over-all attack, = 
In an electrical series system, a break or dielectric introduced at any point it 
in the circuit stops current flow throughout the sy stem. Paint films and con- ¥ 
crete encasements protect steel in this manner. The hydrogen film formed on 
_ cathodic surfaces is protective, but it usually is removed by combining» with | 

_ Another approach to the. solution of this problem is the sw suppression of the | 
corrosion currents. The anodic and cathodic reactions are usually inter- 
dependent and neither can occur without a flow of current. If a countercur- 
rent from an external anode source is introduced into the corrosion circuit in 
sufficient amount to suppress the local currents, corrosion will be minimized. _ 
“Cathodic protection” thus depends upon neutralization of the corroding cure 


rent and polarization and formation of of hydroxide and insoluble reac-— 


faces” receiving | the benefit of this current; (3) the electrolyte, which | ‘in this - 


_ The anodes or source of protective current; (2) the cathodes or the steel sur- 


7 
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Cathodic pro ection, by definition, 18 the use of an applie current toprevent 
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CATHODIC PROTECTION | 
case is vies sea water ‘and ‘silt through v which the protective current flows; (4) 
the rectifiers, which are the source of the impressed protective potential; and © 


(5) the circuiting required to establish optimum relationships a among the other 


The use of these five components and the analyses behind their selection 7 

and application will be related to the specific types. of structures | protected. 

Table 1 lists the structures as three general types: (1) Steel H-beam piling, 


(2) steel pipe piling, and (3) steel sheet-pile bulkheads. = 
a Steel H-Beam Piling.—The wharf at Buildings 152, 153, and 154, Port New- 


ME 


ark, was the first Port Authority construction to be supported on cathodically 
TABLE 1.—MARINE TERMINAL FACILITIES WITH CATHODIC © 


Installed Rec- Anode Types 


‘Sheet Piling” 2 a | Semi-annual in- 


— 


-Pier 2 Pipe Piling i Semi-annual in- 


Sheet -Duriron ron | Semi-annual i 
‘Durichlor spection at se- 


Brooklyn- -Pier Sheet Piling Durtron | Inspected and test- 


firm 
Brooklyn-Clinton ‘Sheet Piling 5 | Inspected and test- 
Newark- ing Semi- ~annual in- 
Wharf at Bldgs. spection at se-_ 
152, 153 and 154 > lected points 


d 

Hoboken-Pier A | H-Piling 33 KVA phite | Semi-annual 


spection at se- 


Erie Basin Tank Interior 


ia 

_ protected H-piles. The wharf consists of a reinforced con ncrete relieving plat- 
oss supported by 232 bents, or parallel rows of piles | each consisting of four 


vertical piles and one diagonally driven batter pile. 


‘The piles are coated with bitumastic paint and the coating extends from the 
top of the piles down to the dredged bottom (mudline). All five piles in each 


bent are bonded electrically by means ( of * welded | reinforcing bars and a ground 
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_CONFIGURATION OF THE ANODE ACCESS STATIONS ON THE WHARF OF 
_ BUILDINGS NOS, 152, 153, AND 154, PORT NEWARK 


ANODE ACCESS STATION TOP OF PAVEMENT + 
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4 YPICAL ANODE INSTALLATION UNDER THE WHARF OF BUILDINGS — 


_CATHODIC PROTECTION 


al an anode energized and supported from each station (Fig. 2). The anodes rest 
on a layer of quarry stone rip- rap. The : station locations were selected to cO- 


the possibility of a wide protective current range inthe system. | oo 
es The power requirements of the protective system were determined on the. 
, basis of 5 milliamperes per sq ft of steel surface in the water zone and 1 ma 1 
per sq ft of steel surface in the mud zone. The entire system is divided — 
seven areas with seven rectifiers operating in parallel. _ Each rectifier is of 
= air-cooled, selenium stack type, rated 200 amp and 10 v y, except for one unit 


which is rated at 200 ampand 20 v. This latter rectifier is so located ‘that the 


44 


FIG, 3. OF RECT STATIONS 


eet to load requires a considerably higher voltage output than the — 
pres . It can be noted that the feeder length to Rectifier 7 predicates a higher 
voltage rating for this unit than for the others (Fig. 3). 
_ Because of expected environmental changes in the water and irregular den- 
sities o of mineraland organic coatings on the steel, it was necessary to provide : 
4 a means of varying rectifier output. _ By providing 18 voltage taps on the sec- 4 
ondary of the rectifier transformers, the rectifier output voltage can be ad- : 


justed from zero to its rated value (Fig.4), 


_ The rectifiers supply the anodes through a common pair of sion (posi- 


tive) and ground collector — cables. ead each anode access station, 
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_CATHODIC PROTECTION be 


the anode lead wire is spliced to the feeder cable and the groundcollector wire ~ 

is spliced to the collector cable. A third wire, welded to the reinforcing we, 

_ is terminated at each station and serves asatest lead. 
_ The graphite anodes selected are 4 in. in diameter and 80 in. long. With a 

load of approximately 6 amp, the service life of these anodes - is expected to 

exceed 10 yr. Neoprene jacketing was used on the rubber insulated lead wire 
and the insulation detailed at the point of anode connection (Fig. 5) to avoid 

_ premature failure due to the loss of anode material. ¥ Each anode is supported 

by a+-in. saran line and thus all underwater components of the 

tem have chemical inertness as a common characteristic, 

In order to provide supervision of the system, a circuit was 
J tivate audible and visual alarms in case of fault or failure in the system. A 
_ shunt relay in each rectifier output is de- energized whenever the current falls — 
: below 50 amp. At a central alarm relay cabinet, there are seven tell- tell- a 
lights and an alarm bell rings until manually shut of. 
The protective systems for Port Authority Piers A and C at Hoboken, N. 
essentially reflect the same design criteria applied to the Waterman — 
with two notable exceptions. In the case of the two piers, it proved economical — 
to use the superstructure as a part of the ground collector circuits since the 
building columns were co-linear with the steel pilings. The second distinct 
feature / occurred in the design of Pier c. “Duriron” anodes, a high silicon © 

cast iron with an integral lead assembly, were specified. ‘The installed cost | 7 

of the graphite anodes used in the two previous installations was higher than 

_ expected and obtaining a watertight lead connection proved difficult. =» 

__ Steel- Pipe Piling.—An unusual design consideration in the construction of 
- _ Brooklyn- Port Authority Pier 2 determined the use of three longitudinal rows | 
of steel cylinder piling. The pier substructure basically consists of a rein- 

forced concrete platform supported on concrete-capped wooden piles. How- 

q ever, .a portion of the 625-ft by 350-ft pier is s directly : above the twin ghey 
of the IRT Subway. To span the tunnels three rows of high capacity steel pipe 


piles were specified, 


arte The protected piles are 12- 3/4 in. OD steel cylinders filled with concrete 


and coated with a bitumastic compound. _ Electrical bonding was obtained by a 
_ gridof 3/4-in. plain round | reinforcing bars, welded to eachpile and lap cane 


to each other (Fig. 6), 

3 The power capacity of the system was established on the same basis a as = 

- all other Port Authority protected facilities, that is, 5 ma per sq ft of steel © 
surface in the water zone and 1 ma per sq ft in the mud zone. By 1957, the 

year Pier 2 was designed, this method of determining protective power re- 


quirements has been well established. 
va _ Sixteen anode junction boxes, each providing connections to two anodes, 
have been cast into the concrete de deck. The anode b boxes are equally spaced on — 
40-ft centers above. the: center row of steel piles (Fig. 6). . A single 0-20 v, 
200 ampselenium rectifier supplies energy forthe entire system. Anticipating — 
a wide variation in polarization voltage inthe protected system, it was decided : 
provide twenty : seven voltage selections at the rectifier output. 
_ Complete protection of steel in sea water is attained when it has been po- 
-larized to a potential of minus 0.80 v or more electronegative referred to a 
silver- silver chloride electrode. . Without a fine adjustment in rectifier out- 
put, it + would be difficult to obtain a mean pile’ polarization potential fc 
0. Vv. In to the voltage element, the area and rate of 
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34 May, 1961 
sea water exposure per pile is not constant in this particular sy stem, and thus © 
a considerable number ¢ of variables existed which were ies sy to affect rec- 


tubes, ond the steel was ‘an important consideration. 
_ ingly, a study was undertaken of the magnitude and distribution of stray cur- Z 
- rents originating from the tunnels and recommendations were made in the pile — 
_ protective system design that would eliminate the possibility of accelerating 
tunnel shell corrosion. It was determined that consideration of stray — 
from the subway could be neglected and that currents from the cathodic pro- : 7 
: tection system could be adequately contained by a thorough bo bonding of the steel 
and installing the anodes as close to the piling as possible. 


Bh order to provide adequate current Gshmtion and to satisfy the condi- | 


below “mean ‘low water (Fig. 7). At the inshore end of the pier, the ‘mud line | - 


— REPRESENTATIVE PIPE PILES 


6. PLAN OF CATHODIC PROTECTION PILE BONDING AND 
ANODE JUNCTION BOX LOCATIONS FOR BROOKLYN PORT AU- | 


rises aia mean low water. . This necessitated selection of two types of — 
odes; Duriron for the anodes in water and Durichlor for the anodes buried in 
silt. . Duriron is attacked by anodically produced chlorine gas which cannot 
freely escape. Durichlor is a molybdenum bearing silicon iron alloy that was _ 
specifically developed for use in chlorine and chloride environments. 
Failure of the rectifier output or Supply voltage immediately energizes a 
horn alarm. This device is adjustable to operate ina a range e of 25% to75% of 

a Steel Sheet-Pile Bulkheads.—Brooklyn-Port Authority Pier 11, completed 
°@ in 5008, was the first. Port of New wharf steel sheet pile pile bulkheading 


i 
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(a) (2) (3) (4) (s) (7) (8) (9) (10) (11) (2) (ce) 


_CATHODIC PROTECTION 
to be e equipped a cathodic system. The ,100 ft wharf is re- 7 
tained by a Z- -type piling bulkhead with a _tieback system, Tierods, a | 
every 9 ft, connect the bulkhead to the anchor steel sheet p piling (Fig. 8). a i 
___ Although the pile section joints are mechanically interlocked and under 
pressure, it was considered necessary to bond both the anchor piling and the 
_ bulkhead in order to minimize the potential drop between sections. A 1-in. di-- 
ameter continuous collector bar was welded to each section. At both ends of 
_ the new wharf, approximately 430 ft of existing sheet piling was included i in the" 
~ corrosion mitigation ‘system and consequently bx bonded to the new steel. The top 
of the bulkhead is capped with reinforced concrete and the rest of the steel has a 


a bitumastic compound coating. 


aoe cathodic protection is realized through a a binary system. The pri- 
mary seven rectifier circuit is designed to protect the water-side steel sur-— 
faces. A secondary three rectifier system protects the inboard steel areas. 
The selenium rectifiers are similar in design and rating to the Pier 2 recti-_ 
fier, escept for the primary system rectifiers which have a voltage output — 
mz of zero to fifteen volts. ‘Each rectifier has a local audible alarm, elimi-— 
nating the use of a central alarm panel and associated wiring. - ns 
‘There are 34 anode vaults located in the sand fill behind the bulkhead serv- 
ing as anode connection points. Directly beneath each vault is an 8-in. diam- 
eter p porous concrete inboard anode well (Fig. 9), and 34 Durichlor inboard 
- anodes and 68 Duriron water-side anodes are splicedat the vaults. Each anode 
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is 3 — diameter ae 60i in. in length. — minimize the number of anode esta- 

tions, it was decided to design the anodes for maximum loads of 20amp. | a 

_ The inboard anodes are suspended vertically to a depth where the anode top» 

a coincident with the mean low water - mark, and a teflon jacket isolates the 
lead wiresfrom chlorine attack, 

A unique anode support structure was developed for use on the bulkhead = 
water-side anodes (Fig. 10). ‘The anodes could not be placed in the mud zone 
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ANODE JUNCTION ‘om 


= DIA. COLLECTOR BAR 


Be .—SECTION OF SHEET ‘PILE BULKHEADING RETAINED WITH A ‘TIEBACK 
SYSTEM, INDICATING THE LOCATIONS OF THE INBOARD AND OUT- — 
BOARD ANODES RELATIVE TO THE STEEL 
‘the ano anodes outboard of the fendering system was mechanically impractical. 
Consequently, the anodes are supported on insulating shields, which are se- 
cured to the face of the sheet piling. This design, in effect, places the elec- 
= a minimum of 2 ft from the bulkhead for current distribution and facili- : 
tates Servicing. In In computing the expected current distribution envelope ofthe 
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FIG, 9, -DETAIL OF INBOARD ANODE WELL AT 
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‘FIG. 0.—DETAIL OF OUTBOARD ANODE SUPPORT STRUCTURE 
XT BROOKLYN PORT AUTHORITY PIER 11 


_ Relevant to system design, cognizance was taken of the effects on the steel 
of a ship berthed adjacent to a cathodically protected bulkhead. It was recog-— 
nized | that a portion of the current leaving the anodes could flow to a ship’s: 


_ hull and then back to the bulkhead. _ The ship would thus be anodic to > the bulk- 
head and be theoretically subject a accelerated corrosion. Computations based 


: be. negligible and that no o plating corrosion would occur unless a ship were e tied 
7 * alongside a protected bulkhead for periods exceeding several months. Sub-— 


readings as a function of berth ‘occupancy. 
An analogous situation has been studied by the 
"where observations were made of the effect of berthing ee “protected 


‘SYSTEMS MAINTENANCE AND INSPECTION 
The maintenance of a a cathodic prc protection system involves considerably 
more than the sustenance of a fixed operational pattern. As was mentioned > 
previously, some of of the system components are variables and thus external 
_Upon completion of the cathodic ‘protection installation, the rectifier 
tages are individually adjusted to provide ai an optimum polarization potential at 
= 
_ The use ofan integrated automatic control with constant) monitoring at fixed 
points has been considered but has never been installed. _ Annual amortization — 
of the initial cost ofautomatic control far r outweights the v the value of reduced —. 


Rectifier adjustment or system | “balancing” is the first maintenance assign- 
ment on a system. In every case, with the exception of Brooklyn Pier No. + 3 
a satisfactory balance was achieved solely dls “trial and error ” variation in ° 


balancing procedure has been similar at all installations 


and can be described as follows: 


: ee The condition of a silver-silver chloride sont electrode is checked ol 


_ Calibration against a standard calomel electrode. 
The “negative terminal of a high resistance -potentiometer- -voltmeter is” 
_——_ to the test ground wire, where available at the test anode station. 
At installations without integrated t test leads, a portable m meter lead is — 


cedure is Tepeated ai at every se selected test ‘site. The The test locations are po 


ss “Electrical Bonding of Cathodically Protected to Unprotected Ships,” by G. A, Ben- b 
nett, ‘XN. S. Dempster, and A.J, Wallace, Corrosion Vol. 15, No. 11, November, 1959, p. - 
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— 
oa _ waterproof conductor. At a point as close as possible to the steel element with | . 
the negative terminal connection, the electrode is lowered into the water, 
plane readings are taken ata point just below the water’s 
A 


CATHODIC PROTECTION 
_ predetermined during 0 ten: stages ¢ or are field ‘selected to give a repre- 
sentative picture of the applied protective potential. 

5. The rectifier outputs are adjusted (trial and error) so that the protec-_ 

tive potential readings range between -0.80 and -0.92 v. Readings more posi- 


_ tive than . 80 indicate that complete: protection is not being. while 


ELECTRICAL 


| Bot. | Mid 


me: 


2.80! 


Test Cell on black was O volts 


6.1 volts 


taps - top bottom 


Rectifier 192 amps. 
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7 FIG, 11. .—TYPICAL SET OF PERIODIC PILE POTE 


NTIAL 
AND 


voltages more— _electonegative than -0. .92 indicate that energy is being wasted, 


anode loss is accelerated and blistering of the bitumastic coating is a possi- 


“bility. _A set of pile potential and rectifier readings is shown on Fig. de 
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1961 
6. th Srettee Pier No. 2, with a single rectifier supplying all the anodes, 
- the optimum “balance” that could be obtained by rectifier voltage output regu- 
lation resulted in a protective potential range of -0.71 to -1.10. With the ad-_ 
‘dition of insulated nichrome wire resistance coils in the first nine outshore a, 
- anode boxes, the potential range was ‘compressed within the acceptable limits — 


of 


AS soon as » new w system is adjusted and is. operating satisfactorily, it it be- a 


_—— a part of the facility electrical maintenance program. Each marine 
_ terminal facility records the voltage and current output of its rectifiers and — 
Feed a weekly report of the readings of the Central Maintenance Engineering 7 

Division. Here the data is charted for each rectifier and any deviations from 

the norm are immediately investigated by a trained staff. The seasonal changes 


—_—s the co conductivity of the electrolyte ¢ can be noted ed (Fig. 12). I By using 


FIG. 12.- —PORTION OF THE CONTINUAL CHARTED OUTPUT DATA 
_ FOR A SELECTED RECTIFIER . 


graphs it is often possible to differentiate between an internal system disturb-— 
ance and fluctuating environmental conditions. 
_ Environmental changes are normally caused by seasonal variations in to 
temperatere, level and Salinity, and also by heavy local rainfalls. Occasional- 
ly, a combination of low tide, , cold weather, and a high proportion of fresh wa- = 
ter will reduce rectifier output current to the level where the alarm circuit is 
— Srgpes. An abrupt increase in the load on a rectifier usually indicates a phys- 
ical fault within the system. _ There are also gradual | changes due to attrition 
of anode surface area and a complementary accumulation of cathodic. inhibi-| 
tors which lower the corrosion rate by reducing the cathodic area. The re- a 
duction of the cathodic area is accomplished by the formation of insoluble c com-— 
pounds on the steel surfaces. 


3 «Pactors Influencing ” by G.V. ‘Akimoy, Corrosion, Vol, 15, No. 9, Sep- 
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-annually, pe of the Central Maintenance Engineering Division 


_ inspect each Port Authority cathodic protection system. ‘The alarms are 
3 checked and electrode-to- )-pile potential readings are taken at representative 
- points. A separate annual physical inspection is made by an engineer from the 

; Inspection and Safety Division who examines the piles, conduit, wiring, rope, 
i anodes on a sampling basis. Thus far there have been no anode replace- 

due to appreciable decrease in diameter or length. The bitu- 
_ ‘mastic coating on the pilings i: is. examined for signs 0 of blistering» and i scraping 

difficulty has been the waterside anode support 
on the sheet pile bulkheads at Brooklyn Piers 1 andll. Tidal ac- 
tion and debris, combined with installations which deviated from design, , 


Lag 
MAT POLYESTER FIBERGLASS 


FIG, 13, —DETAIL OFA FIBERGLASS OUTBOARD ANODE 


‘shields were replaced with 6- -ft by 8-ft neoprene sheets. The rapid tidal water 
flow at Pier 1 precludes the use of neoprene sheets. Consequently, at the lat- - 
ter pier a bolted fiberglass units ( _ 13) will be substituted for the lost 


ECONOMICS 


most important criterion determines the of protection that 


ima 
— 

ANODE SUPPORT POCKET— — 
which is located in 2 nratecte 
& 
= 
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Sous curiosity if the expected advantages did 1 not compensate f for 


_ The installation or construction costs will necessarily reflect the Spatial — 

configuration of the steel piling as well as the type of environmental exposure 

'‘PABLE 2,—INSTALLATION AND ENERGY COSTS | 


Structure Type Facility Installation Cost Per Annual Energy Cost 
Square foot of Pro- | square foot 


_H-Beam Pi "Bldg. 152, 153 $0.16 -$0,0050 


7 FIG. 14. —CORROSION OF SHEET STEEL BULKHEADING AT ERIE 
_ BASIN PORT AUTHORITY PIERS 
on the steel surfaces. For the three types of structures previously « described, 7 
the installation and energy costs are shown in Table 2 _ These costs do not in-— 
The “electrical power costs shown a are based on recorded power consump-_ 


ton over a number of ‘years. _ Besides the expected yearly variations due to 


‘| 
Sheet Pile Bulkhead | $0.13 ___9.0075 


CATHODIC PROTECT! ON 
This is due to the lack of 
-careous salt deposits on the new piling. 
In 1958, the Port Authority acquired Beard’ s Erie Basin property sain the 
north shore of Gowanus Bay in Brooklyn. . This facility has five steel sheet 
‘pile bulkheads, totalling 2600 linear ft and installed during the 1946-1950 pe- | 3 
riod. None of these bulkheads were cathodically protected and thus an oppor- 
tunity was provided to study the corrosion characteristics of steel bulkhead- 
ing. Core samples were taken of the piling at regular spacings and test pits 


tie rods. _ Whereas the data collected are still (1961) under evaluation, ‘study — 
of the corrosion pattern reveals the average rate of corrosion experienced at 
each bulkhead to be approximately the same. _ When all steel samples are av- 7 
_ eraged and plotted against years since construction, the resulting relationship 
is as shown in Fig. 14. This type of study is correlated with estimated costs 
of cathodic protection system installation andoperation, and data obtained from 
the Port Newark test piles. 4 Planning management is thus enabled to appraise 
the of cathodic protection systems on an economic basis. 


SUMMARY 


problem of protecting ng steel pilings at piers to obtain maxi- 
mum longevity compels serious considerations of impressed cathodic protec- 
tion systems. . Although the principle of corrosion ‘mitigation by controlling 


the- - potential difference of the protected metal with respect to the surrounding 


cathodic protection system must be so that the geo- 
metric relationship of the anodes with respect to the cathodic steel will result ; 
in maximum anode loading and an optimum polarization potential. Also the 
constantly changing nature of the sea water or electrolyte requires provision 
for sensitive rectifier adjustment in the initial design. Complementing an ef- : 
ficient installation, maintenance and inspection is necessary to. 
monitor deviations which affect system balance. Where there are other struc-_ 
tures. -vicintiy, steps” must be insure ‘that those structures are 


description of cathodic protection be without 

eration of the economics involved. d. The protective system Cc costs of an 
ation should be evaluated in terms of the benefits to be gained. 
a It is not axiomatic that cathodic protection is desirable at every steel pile F 

installation, but when properly beste and installed, it has accomplished its 

purpose 
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tenance, Vol. 56, August, 1957, 94, 


7 — 4 “Electric Cathodic Protection,” by E, P. Pitman, Electrical Construction and Main- 
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VATERWAY “AND HARBORS DIVISION 


- Proceedings of the American Society of Civil Engineers 
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_ Several hurricanes during the past 25 yr (1935- 1960) have names the 
exposure of the southern New England shore to damage from hurricanes. The © 
- _ meteorological cause of the high water and waves is found primarily in the 
wind field over the sea. Detailed estimates of the wind fields that existed in 
these and other hurricanes lead to some reasonable judgments ast to the se- = 
verity of hurricanes that might be expected in the future. _——- cw ; 

_ INTRODUCTION > 
4 The basic facts about hurricanes are generally wellknown. However, ome 
recapitulation may be in order: : Hurricanes are formed only | over the ocean 
: ‘ ~ and only over very warm water. But, once started, they may travel great dis- 


tances from their origin. There are many variations, but one of the typical 
patterns is for the storm to “move steadily at a moderate rate of 10 mph or a 
less for several days or even a week toward the west at a tropical latitude, — 
In the western part of the ocean they swing in a great arc toward the northeast 
" and speed up in their forward motion. This happens in both the Atlantic and 


Pacific Oceans. New England, with some protrusion of the coastline, inter- 


cents some of these recurved hurricanes; Japan, with its more exposed i 


Note.—Discussion open until October 1, 1961. To extend the closing date one month, 
_ written request must be filed with the Executive Secretary, ASCE, This paper is part 
4 the copyrighted Journal of the Waterways and Harbors Division, aii of the 

- ‘american Society of Civil Engineers, Vol, 87, No. WW 2, , May, 1961, | 
1 Chf., WMO Hydrometeorological Special Fund Proj., Chile; formerly Chf, Hydro- 
meteorological Sect., Weather Bur., U.S, Dept. of Commerce, Washington, D, C. ‘~~ 
2 Chf., Hydrometeorological Sect., Weather Bur., U. S. Dept. of Commerce, Wash- 
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tion, and 1 with a higher frequency of hurricanes 1 in the Pacific (called hoon 
j there) intercepts many more of them. 4q 
Accensus3 of hurricanes over the past 75 yr (since 1885) an average 
me, frequency of 4.6 full- fledged hurricanes per yr in the Atlantic, includ- 


through October season. There is ‘significant variation from yea year to year 
the frequency but no important long-term trend. One of these reaches New | 
P is -- England on the average of once every 5 or 6 yr; many of these have weakened ~ 4 - 
au ys to the point w where, when viewed after the fact, they are not of much signifi- _ 
cance as damage- producers. When a hurricane is approaching, however, there — 
can be no positive assurance that this weakening will take place. In fact, hurri- — 
cane Carol of 1954 appears to have regenerated and intensified somewhat on © 
approaching the New England coast. 
_ Hurricanes have always neon part of the New England climate. An ex. 


emely high tide R. L, 


_ RECENT SEVERE H HURRICANES 
‘There have been five noteworthy hurricanes in | Englan 
Pa the past 25 yr (since 1935). These were in 1938, 1944, two in 1954, and Donna 
in 1960. Three of these produced large water-level rises in Narragansett Bay, 
RR. L The 1938 storm was the most disastrous. Edna of 1954 passed farther 
to the east and produced its greatest impact on Cape Cod, Mass. It was this 
storm that toppled the steeple of Old North Church in Boston, Mass. Ta 
attain is to first reconstruct the past storms. The reconstructed wind patterns 
are also required by the hydraulic specialists to check out and calibrate re-_ 
_lationships between wind and tide for a particular geographical locale. A list 
of central pressures and other parameters Sates burs hurricanes ob- 


= United States coast, the primary method ‘wed by the writers and their col- 
leagues has been the indirect one of extrapolating coastal observations to 
_ sea, Throughout the world, ‘weather maps over ocean areas are prepared from 
2 weather reports radioed every 6 hr from cooperating merchant vessels, But _ 
=. is perhaps a credit to the warning service that now (1961) not many reports | 
are received from ships in the severe part of a hurricane; they manage to © 
stay | out: of the way. During the 1944 hurricane there were no reports at all 
‘because of wartime radio blackouts, nor was it found possible to correct this” 
post-examination of ships’ logs. 


2 A brief nemmneny, partly from previous work, 5 of some of the | extrapolation 


track of the particular storm center is determinedon a large- scale map. The 
u 4 track adopted is the one that, ona geometric b basis, will most nearly account > 


- for all the available pressure : and wind observations. To do this it is assumed a 


1959, Weather Bur, Tech, No, 36. 
“Meteorological Aspects of Storm Generation,” by D, Lee Harris, Proceed- 
ings ASCE, Vol, 84, No. HY 7, December, 1958, 


5 “Characteristics of United States Hurricanes Pertinent to Levee Design for Lake Eo 
Florida,’ ” by Vv. AY ‘Myers, 1954, Report } (32,0 
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| intensification of the storm with time is also assumed to be fairly regular 
rather than erratic. As example ¢ of a geometric rule, the wind direction at an © 
4 observing station will turn at a rate which is proportional to three factors: 2) 
— «@) How fast the storm i is moving forward, (b) the distance from wind-observing 
ei att to the center of the storm, and (c) the sine of the angle between the 
direction of storm motion and the bearing of the observing station from the 
a storm center. As might be imagined, one observation close to the track is 
- more helpful than a dozen observations a long distance from the track. The 
paths of the four severe hurricanes reconstructed inthe indicated manner are 
The next step is to construct the field of sea-level pressure. The pressure 
fields are built up around the adopted positions of the storm center on the 
_ track from the available pressure observations. It is assumed that the radial | 
4 profiles of pressure have a characteristic shape. defined by an ‘empirical | 
_ formula, and that the pattern as a whole is relatively circular and changes — 
= and moves in a non-erratic manner. Fig. 2 shows a characteristic time- graph 
of the central pressure rise inanorthward moving hurricane, the 1938 storm, 
| “Fig. 3 shows radial profiles of the pressure as reconstructed to the east of 
the same storm (the most severe quadrant). Fig. 4 shows selected corre- 
sponding plan views of the sea-level pressure. 
_ The pressure values are needed as a tool in estimating the w winds and are 
a applied directly to surge computations. From hydrostatic reasoning the 
water level rises about 1 ft for 1 in. (of mercury) depression of the sea-level | 
the wind-speed field is developed. There have been basically oe 
_ techniques for this. The first attempts to fit the available wind observations 
into circular patterns with characteristic radial profiles, as was done with 
the pressure observations. 
coastal and other land stations are reduced toa common height of anememetee a 
and the common frictional exposure of of “over water” ” by 


73 It would be well to point. out that all the work on wind speed is done, insofar 
as possible, with averages over 10-min intervals. The maximum gust veloci- 
Pg which are dramatized in newspaper reports, may be 40% or more higher. J 
The gust velocities are of critical engineering significance for the design of — 
towers and other such structures, but are of no known importance for — 
generation, 
_ The second indirect technique of deriving a wind field is 2 conversion of 
- the pressure field to wind. The gradient wind, which is a theoretical friction- 


= and unaccelerated wind and a standard concept in meteorology, is com= 


empirical factors. that apply to hurricanes. 


The third method of estimating hurricane winds over the sea when oo 
vations are lacking is the construction of dynamic ee. 6 | The universal . 
of a hurricane. Where a wind velocity « on the edge a a hurricane is available : 

a ship’ s 's report, subsequent velocities downstream and closer intoward 


by! H. vz. Monthly Weather Review, V 


ate = _ that the fields of pressure and wind are both approximately circular and move 
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‘HURRICANE WINDS 
Zz seem ‘center are > computed by constructing an air trajectory based o on the 
“uations of motion, The factors which govern the motion are the initial ve- 
pes of the fluid, the pressure gradient, the coriolis force, and the frictional 
stress. _ Centrifugal | force may also be important, depending on the choice of 


system. The big uncertainty in this procedure is the 


jen in a hurricane over Lake Okeechobee, Fla., “were used for this. — 
_ Fig. 5 shows selected wind patterns thus reconstructed for the 1938 hurri- a: . 
“cane, Fig. 6 for the 1944 hurricane, and Fig. 7 wend Carol of 1954, The arrows 
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FIG, 2,—CENTRAL PRESSURE OF HURRICANE OF SEPT. 21, 1938 7 


other figures are at 30 ft above water more complete series for the oa 


__ Wind patterns such as the foregoing are used to compute surges on the 
Open ‘coast. But But at the: heads of (of bays the there are additional factors. ‘The surge 
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_ 7 Surface Winds Near the Center of Hurricanes (and other cyclones),” by H 
o — and G, N, Hudson, U. S, Weather Bur., Natl. Hurricane Research Proj. Report No, 
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top of this there is an additional setup of the cd 
from the stress of the wind « over the bay. To evaluate this peng stress, os 
tailed phon pi for Narragansett Bay is shown in n Fig. 8. These were syn- we : 
thesized by constructing the wind pattern that would have existed in this region : 


: had it been open water, then reducing by appropriate frictional factors, Such — 
oe a procedure lacks scientific exactness; it is a case of doing what can be done 
with what is available, temperéd by some judgment. 
; ‘ There is a new development inthe observation of hurricanes over the sea— a 
radar. Hurricane Donna of 1960 was kept under radar surveillance. The 
USWB, as part of its coastal radar network, has a powerful weather-search 
_ radar at Boston, on Nantucket Island, and at New York, N.Y., which can “look” | 
miles to 200 miles in alldirections, During hurricane threats comparable a 
"pt . radars belonging to the Air Defense Command are manned by radar weather - 
a specialists from the Weather Bureau and furnish reports to the Hurricane ' 
Warning Center. Such radar stations are very strategic points 


_ Fig. 9 is an example of an the radar “sees” in a hurricane, The radar 
_ photograph of hurricane Donna of 1960 clearly shows the open eye of the - 
storm, ‘The white bands swirling into the center are rain and cloud areas. By = 
_ means ‘of continuously available pictures like this on the radar scopes, it is 
4 "possible to keep close tabs on any hurricane that comes in over the Continental 
Shelf. The radars do not give the winds directly and their greatest value is in 


4 showing where the storm is located. However, one can learn something about . 
winds by positions of individual echo cells. 


portray: the wind | at some upper level than at the surface. Developmental © 
7 work is being done on the relation of radar cell m motions to: to wind aby the USWB 
and at several universities. 


re. in maximization for design sasnnean, Bash is a profession requiring the full 
a, time of its practitioners and each has a method and language that are only S 
incompletely understood by the other. At the sametime there must be a large 
common area of understanding if an engineering project in which weather is 
a major factor is to accomplish its purpose. . This is especially true when the | Ea 
project involves the conflict between the safety of large numbers of people 
_ versus the spending of large amounts of public funds. One way at arriving at - 
this common understanding | is through an interchange of ideas and problems. _ 
In maximizing weather events for design purposes, be ita hurricane 
"breakwater, a tower, a dam , ora highway culver, it might be said that one. 
seeks to Catinguien the possible from the impossible, or the probable from 
“he _ the improbable, or the likely from the unlikely, or, coming on down the scale ie 
— the frequent from the infrequent. _ The character of the project deter- = 
mines which of these distinctions is tobe made. The casual student of | 
processes could start the job by setting outer limits. One weather event er 
“possible” b 
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sultants to pecs waa interpret that portion of the job something like this: J 7 7 
‘First, narrow down these limits, bring them closer together. ‘Second, put 
down numbers that represent the pooled judgment of a professional group as a 

to the center of the range. Third, prepare a report that will not only give the x g 

engineer-user confidence that the job has been well done, but will also give q 
him enough information to make his own final choice. The final choice and 

_ Specification of a weather event for a design purpose is up to the design engi- _ 

neer, , not only | because he is the responsible official, but because he is in the 


by 


FIG. 9. ).—RADAR PHOTOGRAPH OF F HURRICANE SEPT. 10, 1960, 1340 GM T 


est position “which of of of choice, frequent versus 
requent, , and so forth, is the one that is appropriate to his sha 
~ Of course once some design decisions have been made in a particular field | 
of endeavor, communication becomes easier. The meteorological 
: _ can then, in ‘effect, say if the acceptable risk for the current project is the : 
game as for a group of prior projects, then the corresponding design storm 
has certain specifications, Thus, precedent helps standardize. = = | 
: Some names applied to maximum hurricanes over coastal waters are 
“probable “maximum hurricane” and “standard hurricane. — 


_ Another would be clearly “{ far beyond anything =f 
— 
— 
— 


_ sory studies have been made of what the probable maximum hurricane inthe 
_ New England area would be, as neither public policy nor the attitudes of in- 
dividuals demand complete protection against an event of that severityor 
rarity. The probable maximum hurricane might be thought of as the worse 
_ the present climate is capable of producing, ocean water temperatures re- 
maining the same; general storm tracks remaining the same, and so forth. 


But within this framework of conditions, other factors, both independent and 


= 


‘ 
Number of occurrences 
J 


— SEVERE OCCURRENCES 

central pressure less than 28.75 mi) 
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~~ it. The standard project hurricane lies between the maximum event of record | 
4 and the probable maximum, and is closer to the maximum event of record. 
In a bulletin on standard project hurricanes® co-authored by the Hydromete-_ 


th 


wekee “Meteorological Considerations Pertinent to Standard Project Hurricane, Atlantic 
_ and Gulf Coasts of the United States,” by H.Graham and D.N, Nunn, U, S, Weather Bur., | 
Natl, Hurricane Research Proj. Report No, 33, 1960, 
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interdependent, would work together to produce the most unfavorable combi- 
me 
| 
\THS FOLLOWED BY HURRICANES 
Most of the work on maximized hurricanes in the New England area has 
on a “standard project hurricane,” or something rather comparable to . 
— 
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HURRICANE WINDS | 


_ Engineers, , United States Army, t the primary | purpose is stated as sup | 
a standard against which the degree of protection finally 
_ ‘selected for a hurricane protection project may be judged and compared — 


_* Average of 2 hours before and 


zone of | above 
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SPEED. 


NEW ENGLAND | 


LATITUDE (DEGREES N) 


In determining standard project criteria tl the basic procedures or goals are ~~ 
envelop the characteristics of past hurricanes along the coast, work out 
variaticns from point to point that are climatologically reasonable, take into — 
account the as radius of maximum 
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ina a paeaiioas fashion. Some data a pertinent to New England _ ‘be presented 
4 from the standard project hurricane bulletin. 


ia. The first question an engineer or official concerned with coastal protection 
asks” ataaaall aoe “from what direction will a hurricane approach this coastal 
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, a reach?” Fig. 10, from ie standard project | bulletin, shows the direction of 
past hurricanes in the reach from Maryland to Maine. From Fig. 10 one would 7 
conclude that from south to south-southwest is the most likely direction of — 

approach to the New England shore for asevere hurricane, and that southeast 

_ or east should be accepted only on the basis of further study. From the ‘south- 

Mv west is a likely direction for a hurricane. to approach, but the storms from 

this direction are likely to have hada ‘prior | track over land nd and to'b be weak. 
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for closing gates, but also physical relations between storm speed and reac- : 
-= of the surge wave. Present views are that certain speeds of the storm — 
“favor greater dynamic build-up of the surge than other speeds. Fig. 11 isa 

graph of hurricane forward speed along the Atlantic Coast versus latitude. 

Investigation has revealed little or no correlation between hurricane speed - 
and other characteristics; a severe hurricane might be expected to sin Fig. 11, 
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FIG, 13,—LATITUDINAL VARIATION OF AVERAGE FREQUENCY PER 100 YEARS OF | 
HURRICANE CENTRAL PRESSURE, EAST COAST U. S, (1900-1956) 
Thus a severe hurricane might be expected to approach the southern shore 
q New England at a speed anywhere between 10 knots and 50 knots. . Theoret-_ ey 
ical considerations suggest that even faster speeds, while possible, would 
probably tend to result in a less severe rather than a more severe hurricane | 
= and, therefore, need not be given much weight for design purposes. npn oni 
= Next one » might ask what intensities of hurricanes can be expected as nate 
cated by the depression of the pressure at the center. _ Fig. 12 shows the 
central pressure of Atlantic hurricanes for a 57-yr period. It should be ~ 
that many of the central pressures are estimates based on the various analysis 


at 
second important question involves the rapidity ofthe storm’s approach, 
i 

lm 

| 


May, 1901 


._“ value of the central pressure at the time the hurricane center crosses 

the coast. The latitudinal variation of the central pressure index is highlighted ‘aah 

by constructing latitudinal graphs from the preceding four curves, as in Fig. 

13. It is interesting to note that the central pressures that may be e expected — fey 

_ with various return periods at the southern New England coast are as severe : 

_ as those expected inthe reach of coast centered on Georgia. . One would suppose 3 oo” 

- that this is related to the shape of the coastline, with the New England area p 
extending out to sea to intercept the characteristic northeastward track of 

hurricanes that have recurved. The standard project central pres- 4 

sure index, for geographical consistency, was from once- -per- 


“a The radius of bare winds was analyzed in the same manner as the © 


vals 44, —STANDARD PROJECT HURRICANE WIND PATTERN Ft FOR 40, SN 


storm center to the} maximum speed band. The larger the radius of maximum 
winds, for a given maximum wind speed, the larger the area covered by high 
; - speeds and the greater the energy impacted to the water along a straight-line : 
fetch. _ The radius of maximum winds for a severe hurricane increases with 
latitude. The standard project ‘radius for southern New England is 50 i 
miles, corresponding to 38 nautical miles at Jacksonville, Fla., or only 12 
nautical miles over the Florida Keys. These are of “observed” 
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standard forward speed, central pressure, radius 
maximum winds, and relations of speed to each of these — 


_ A somewhat different approach, that yields quite comparable snnetti, vs 
used for Nas Narragansett Bay. ‘The hurricane as as it off of 


the of ‘September 14, 1944, is the most severe known 
hurricane (18th and 19th century hurricanes excluded for lack of data) close 
to the eastern seaboard of the United States. The storm actually capsized two | 
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This” was y minimum rate of from Cape Hatteras to New 
England. (The actual storm decayed faster before reaching New England on 
the night of September 14,1944), erry 

; Fig. 15 shows one such hypothetical wind pattern modeled on the transposed — 
1944 storm. Fig. 16 shows ™ corresponding wind 


simple, but very aspect of the of a 
"cane wind field is the manner in which the computed meteorological tide : 


- combined with the normal predicted tide. The arrival of the 1938 New England 
: hurricane at high tide and, even more, the extraordinary winter disaster of 
the late 1950’s in Holland, are reminders that the coincidence in time of an 


extraordinary storm with high tide is not to be dismissed. An example of a 
practical solution is the recommendation of the New England Division 4 a 7 


ra 7 that the design meteorological tide be combined with the average ee of 
spring tide. This is more conservative than merely combining with average 
high tide but» does not go to the the point of combining w: with the maximum sp) spring 
CONCLUSIONS 
~ Hurricanes must be considered as part of the New England climate. Data : 
a derived by indirect analysis are shown for some of the major past storms. _ - 
Coastal protection against hurricanes is a matter for close consultation > 
and cooperation between the meteorologist and the engineer. ‘The | two working 
4 ig have developed a “standard bpwagect hurricane” to be used as a guide 
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curtain of air ‘bubbles from a pipe will materially reduce 
heights of waves that are not longer than five times the depth. Tests of pneu- ba 
matic breakwaters and models indicate their inability to protect dredges from 
_ long ocean swells off the New Jersey shore. A British air distributor ‘might — 


The consists of perforated pipe through 
_ which ‘compressed air is forced. The pipe may be either suspended in the = 
; _ water or placed upon the ocean floor. As the compressed air is emitted into 
the water through the perforations, the air rises and a curtain of bubbles | 


creates an upward motion of ‘the air- -water mixture. When this mixture reaches 


the surface, the air e escapes - and the flow of water branches out into two hori- 

: | zontal currents—one in the direction of the waves, and the other opposing 
them. The waves are attenuated (reduced in height) by a combination of the 

turbulence of the -water mixture, and the movement of the newly created 
P opposing current which causes premature breaking and consequent reduction 


Note. —Discussion open until October 1, 1961, To extend the closing date on one month, 
a written request must be filed with the Executive Secretary, ASCE, This paper is on 


we | 
4 — | 
BREAKWATERS TO PROTECT DREDGES 
By James L.Green,) F,ASCE — 

4 
American ‘Society of Civil Engineers, Vol. 87, No. WW 2, May, 1961, 
Assoc. Prof., Civ. Engrg., Princeton Univ., Princeton, N.J., formerly, Col.,Corpe 


In a British patented air distributor, the air is in intermittent 
si —_— of large bubbles rather than steadily through perforations. The effec-_ 
v tiveness of this breakwater is attributed by the patent owners, at least in large © 
part, to the interference of the water stream generated by the bubbles with the __ 
_ orbital motion of the particles, that is characteristic of water waves. It may be > 
* that the special method of releasing the air makes the breakwater effective at — 
the lower levels near | the bottom, , whereas breakwaters with jets have most of © 


_ length of the wave is more than twice the depth ofthe water, aly 
at The L/d- ratio (length of wave divided by depth of water) is the seentent 
in indicator of the conditions under which a pneumatic breakwater is effective. 
~ In water- wave theory, when ‘L/d<2 the wa wave behaves as a “deep-water” wave, y> ae 
while for increasing L/d- ratios ‘it begins to behave as a “shallow-water”. 

wave. The pneumatic breakwater has been found most effective > 
water” waves; as the L/d- ratio increases beyond 2 the attenuation of the - 
waves for a given power consumption drops off, and the breakwater rapidly 

becomes: ineffective for larger L/d- ‘ratios, 


L= 


y unity, and 


For this study, when the wave is given in terms of its period, Eq. 2 has been | 
used in all cases, for simplicity. This does not cause much error within the — - 

range of values of L/d with | which the paper is concerned. For example, for 
 L/d= 5, tanh 2 7/( L/d) = 0. 85, and Eq. 2 gives an ‘L/a- ratio that is about 17% 
> 


If pipeline dredges could operate safely off shores exposed to the ocean, 
eroded beaches» might be built up with sand from the sea bed. A study was 
made in the Department of Civil Engineering at Princeton University, Prince- 
ton, N. J. of the feasibility of using pneumatic breakwaters to protect dredges» 
operating within about 1 mile of the shore of New Jersey in the area from 
Sandy HooktoManasquan Inlet, 
A height of 3 ft was taken. as the | greatest height of long ocean swells mn 
which a pipeline dredge would be safe. For a pneumatic breakwater to ood = 
BS protection it would have to insure that few, if any, waves of greater i. 


height would reach the , dredging equipment. The study was then, essentially, 


one to “determine whether available data on the performance of pneumatic - 


“Aes British distributor more effective than the jets inattenuating a wave when the a a 
_ The relationship between the wave length, L, the wave period, T, and the 
For deep-water waves (L/d< 2) the funct 
— 


+ a Among the ene that have been made model tests are the most 
* frequent, but the first use of the pneumatic breakwater consisted of full- scale 


s in the United States. In the 1930’s there were some full-scale | 


tests in Russia, and a number of full-scale tests have been ) peatnemnd in 

recent years (1952-1960) in England and and in Japan. 
‘fee s Pneumatic Breakwater. _The pneumatic breakwater came into 

in the 1900’s when Brasher a patent ona n a method 


‘pipe. .2,3,4 One ‘a Brasher’ a early tests was at Crotch Island, Maine (1908), 
where he installed a wagons breakwater to protect a wharf . Also in 1908, 


sinking in heavy seas off the bone Poa coast. In 1911 and 1912 Brasher 
installed his breakwater at Gloucester, Mass., where it was placed to insure > 
shelter to shipping lying at a quarry wharf. The pneumatic breakwater was 
said to attenuate the waves remarkably well in all these trials, but data were — 
not obtained on wave lengths, water depths, and wave heights. In 1915, Brasher 
- built his most famous pneumatic breakwater at El Segundo, Calif., where it is 
credited with preventing an oil pier from being destroyed by the heavy winter 
_ storms. As in his earlier trials no dataon wave lengths and water depth a: 


f-* Work ‘in the U.S.S.R., 1930’ s.—In about 1930 there were several full- scale 


trials of the pneumatic breakwater in the Soviet Union. 5 Tests were . made off — 

the port of Mahatch- Kala onthe Caspian Sea, in the port of Tuapse in the Black 

Sea, and at Vladivostok. The Mahatch-Kala tests gave some data on the in- 
of the breakwater, but like the other tests, no data on the L/d- ratio 

_ Dover, England, 1952.—In 1952, a full-scale pneumatic breakwater was “a 

tested at Dover, England.6,7,8 The purpose of the installation was to protect 

the inner gate of a train ferry dock from the action of waves while the outer — = 
gate was being removed and repaired. The installation was temporary and 
operated for only a few months, It usedthe perforated-pipe method of releas- 


ing a oll air. There is uncertainty about how much this breakwater aealip 


— 
2 «Smashing Angry Seas with Bubbles of Compressed Air, ” by R. G. Skerret, , Com- 
ressed Air Magazine, Vol, 26, January, 1921, pp. 9921-9926. = : 


_ 3 The Brasher Air Breakwater,” Engineer, Vol. 121, May 19, 1916, pp. 414 
4 «The Brasher Air Breakwater,” by Philip Brasher, Com ressed Air Magazine Vol. tL 


1915, p. 7523, er, by I. A. Bogolepoff, Bulletin, Permanen 


“The Compressed Air Breakwater, ” by I. A. Bogolepoff, Bulletin, Permanent 
ternational Assoc., Navg. Congresses, No, 23, January, 1937, pp, 101- 125, sn 

a 6 “Pneumatic and Similar Breakwaters,” by J.T. Evans, Dock and Harbour Authority, 

“Pneumatic Breakwaters,” ,” by A. H, Laurie, Dock and Harbour Authority, Vol. 


8 “Pneumatic Breakwater at Dover,” Dock and Harbour Authority , Vol, 33, December, 


— | _ breakwaters would show that they could furnish this degree of protection for — 
_ sufficiently long periods to permit economical operations. = = = J 
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accomplished in 6 and it has not been possible for 
the writer to obtain data on the L/d- oa ‘and the corresponding attenuation — 
mc Dover, England, 1956-1960.—The wneiitiione gained in the 1952 installation 
led to further research and development of the pneumatic breakwater at 
- Dover.9,10,11,12 A second full-scale test was performed in 1956 in the harbor 
4 of Dover, where waves varying from 8 ftto 10 ft in height were said to be re- 
duced to half their height by using an 1 improved air- supply system. Instead of - 
_ having a uniform discharge of air from a submerged pipe, air containers 
were fastened to the 2 submerged pipe, and the compressed air was released in 
Se containers. The waves were - interrupted | as they rolled © 


toward land andtheirheights reduced. 
- In 1957, following the 1956 trials, there was ceeeenied at Dover anew 


long, using the new ‘method of air release with ‘distributors spaced at 7-ft 
4 intervals. This breakwater stretched across the mouth Joos the inner basin in 


were used, each of 500 cfm “capacity at 100 psi, but the compressors were 
2 modified to operate at 30 psi. For equivalent wave reduction, the air con- 
ny was 5.1 cfm (0.45 hp) per ydof wave crest , as compared with 37 cfm 
(4.5 in the 1952 equipment (using ai air jets). 


feet” are unaffected by the curtain of eddies” set up by the breakwater. When 
the incoming waves exceeded this height the breakwater “established a ‘defense — 
in depth’ of turbulent water through which a wave cannot pass without losing a 
~ ae This equipment was reported? still in operation in early 1959. In April 1960, <a 
the equipment was salvaged and incorporated into new equipment. This new 
equipment wa was described as fully mobile, with its own built-in flotation system 
so that it could be raised quickly for maintenance or towing to a new location. 
writer has been advised that in March, 1961, this equipment underwent 
sea trials off the southern coast of England. at 
cope The writer has not been able to obtain data on wave periods and L/d- ratios 
_ for any ofthe tests at Dover. Ina subsequent section a development of probable : 
_ First Full-Scale Test at Iwo Jima Islands, Japan, 1955.—In the winter of 
— y954- 1955, full-scale tests were performed at the Iwo Jima Islands off 
ee 13,14, 14,15 The | breakwater was a pipe 30 m long, 3 in. in diameter 7 


tary Engineer, ‘Vol. 61, March- -April, 1959, pp. 104-106, 
10 “The Pneumatic Breakwater,” Pneumatic Breakwaters, Ltd., , London, Englan 
11 «Bubbles, Breakwaters, and Brasher,” by G.R. Smith, Compressed Air “Magazine, 
se i “A Wall of Bubbles Controls the Waves,” Engineering News- -Record, January 22 22, 
oa __-«:13 “Pneumatic Breakwater Experiments in Japan,” Dock and Harbour Authorit 
- eae 14 “On the Study of a Pneumatic Breakwater,” by Michinori Kurihara, Part II, Re- 


printed in English from Reports of Research Inst. for Applied Mechanics, Kyushu Univ., 


ill 
Japan, 


7 ‘from Proceedings, Second Conf, on Coastal Engrg. in ping November, 1955; Wave Re- 
search Lab., Inst. of Engrg. Research, Univ. Calif., Berkeley, Calif., 1958. 
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PNEUMATIC BREAKWATERS 


with 1.5 mm holes drilled at a rate of 35.7 ‘holes per m, wneud - the s sea 
to a depth of about 18 m below lowest tidal 1 level. The range | was 


md length up to 15 m. Consequently, the greatest L/d- ratio was less than $s 
about 0.84. The available air supply was 30 cu m per min. Due to the short 
: y length of the breakwater, the height of waves on its leeward side was affected 
fl not only by the reduction brought about by the breakwater but also by diffrac- : 
_ tion around the ends. This presented difficulties in interpreting the results. 
important preliminary conclusion reached by the investigators was that 
the reduction of wave heights by the breakwater ° was due not mainly to the | 
surface current but rather to the turbulent viscosity accompanying the surface 
Re current, the surface current magnifying the effect of the turbulent viscosity. > 
Second Full-Scale Test at Ha-Jima Island, Japan, 1955-1956.—Additional | 
tests, also off Nagasaki, were carried out during the winter of 1955-1956 as a_ 
continuation of the tests of the preceding year. 16,17,18 The breakwater was a 
pipe 60.5 m long, 5 in. in diameter, with 2 mm holes drilled at a rate of 47.6 
holes per m, placed upon concrete blocks at the bottom of the sea, the pipe 4 
- being about 16 m below the lowest tidal level. Waves ranged in length up to 30 ; 
ml, Consequently, the greatest L/d- ratio was about 1.87. The available air 
_ In one experiment, waves at least up to 25 m in length, w with the pipe at a 
ae of 16.1 m (L/d about 1. .55), were observed to be practically annihilated. — 
In another experiment with a complicated wave pattern and the pipe at a depth -” 
of 15.6 m, the “significant” wave was judged to be 96.4 cm high and to have a : 
period of 4.42 sec (deep-water length about 100 ft, L/d about 1.95). This wave 
was reduced by the breakwater by 31% of its original height. The wave fronts — 
were inclined to the breakwater and diffraction took place around the ends, ; 
_ This led the experimenters to believe that the effect of the breakwater in re- 
ducing wave heights was better than indicated. ) 
_ These experiments led to a confirmation of the preliminary conclusion of 
; the first test, namely, that the eddy viscosity plays the important part in 7 
wave annihilation, with the surface current magnifying the effect of turbulent — 
viscosity. The experimenters considered this also to be still a preliminary . 
conclusion, and to need checking and correcting by watertank experiments 
_ ‘Third Full-Scale Test at Tsurumi Shipyard, Yokohama, Japan, 1958.—A test 
: nstallation19 was set upin August, 1957, but a chance to try it with long waves: 
g not occur until the typhoon of July, 1958. The breakwater was placed to 
_ protect a fitting- -out quay in the inner part of the shipyard basin. . The depth of 
water near the quay was 6.5 m at low tide with a mean depth of 7.7 m. . 
‘The breakwater consisted of two parallel longitudinal pipes connected by 
“short perforated pipes like the rungs of a ladder. The main pipes were 5 in. 


a. 18 “Pneumatic Breakwater,” by Michinori Kurihara, Part III, Trans. by K. Horikawa 
from Proceedings, Third Conf, on Coastal Engrg. in Japan, November, 1956, Wave Re- 
oF search Lab., Inst. of Engrg. Research, Univ. of Calif., Berkeley, Calif., 1958, 
4 « Japanese Study of a Pneumatic Breakwater; Third Full-Scale Test under Natural © 
i Conditions During the 11th Typhoon (1958) at Tsurumi Shipyard, Yokohama, Japan,” by 
Dock and Harbour Authority, Vol. 40, August, 1959, pp. 118, 
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— 
“Pneumatic Breakwater Trials,” Dock and Harbour Authority, Vol. 36, April, 1956, 
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were made, one 1.5 m wide andthe other 2. 5 m, together with a straight single 
pipe for comparison, The straight pipe was 5 in, in diameter, drilled with 2.5 
mm holes at 94 holes per m. It was found that the horizontal surface current _ 
__ induced by the sagggeey was 20% to 30% greater than the current induced by 


From dawn on ‘July 23 the wind velocity 25 m per sec 
by 7:00 a.m. This velocity continued for mts hr, ana then — to sibside. — 


to a maximum of 5.2 sec (L = 42 py at 9:00 a.m. The ¥ wave recorder was 
carried away by the storm at 7:30 a.m., and the observations were continued | 
by eye. Up to about 100 cu mof air per min was supplied from 3:00 a.m. until — 
—&: 10 a.m. From the observations taken, the periods and heights of the “signifi- 
- cant” waves were computed, andthe results were published under the headings © 
- Experiments Nos. 1, 2, and 3. Corrections were made to the observed = 
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5 a “their height. This” took into account the effect « on the oat level of tide, 
fi wind , and barometric pressure. Taking the water depth as about 8 m, nthe 
. In Experment No. 2, the 1.5m wide ladder at a depth of 7. 5 m, using 115 cu 
m of air per min, reduced 3.42 sec waves (L = 18.5 m) by about 70% of a 
original height. The L/d- ratiowas about2.5.00 
In Experiment No. 3, the 2.5 m wide ladder rata depth of 7.6 m, using 74 cu — 
7 om of air per min, reduced 4. 0 sec waves (L= 25 m) by about 23% of their 
original height. The L/d- ratio was about 3.3. 
ies* Model Tests and Theoretical Investigation.—Since1925 numerous model 
of the pneumatic breakwater have been made. Researchers have generally 
hig found that the relationship between wave length and water depth ( (L/d- ratio) is 
a critical factor in the effectiveness of a a pneumatic breakwater. A resume of 
important model tests is given herewith. 


_Bogolepott’ s Work, | Central Scientific Research Institute Water. 


.— different apparatus. 5 Only the second set of experiments 1 gareceeies “ae on 
the wave lengths and water depths: 


Depth of reservoir = ‘maximum 3.51 mm 


With one pipe submerged to 2.5 m, the best results were obtained 
22 cmhigh was completely destroyed. The wave length ranged from 1.5m 
to 1.8 m, the most common being m, ‘The range of the L/d- ratio was, 
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deep-water waves. No conclusions were drawn as to whether the air consung 
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S. Platzer, Sweden, 

‘Apparatus: 


Water depth in wave tank nk = sé 80 
Tank width = 3. 


It will be seen rece the L/d- ratio was 1 12, and d deepwater ¥ wave conditions 


but the air was said to be so Sant that research in ‘in 
field of pneumatic breakwaters was discouraged. 
Width of tank 2.40 ft Shap |. 
_ Range of wave lengths = 0.66 ft to 3.96 ft 
Water depths varied from 0.73 ft to 1. 10 ft 
The ‘L/d- ratio ranged between and 3. The maximum ob- 
tained was 75%. Schijf, like Platzer, concluded that too much air was required | 
to make the pneumatic breakwater economical.21 The air quantity was depen-_ 
- dent on the L/d- ratio, the air required to attenuate the waves increasing with 
the L/d- ratio. The quantity of air, in — S Opinion, was too large for the | 
pneumatic breakwater to be of any use. 
Gt Taylor, England, 1943. —A theory on onthe action of the pneumatic break- 
water was developed in 1943 by G. I. Taylor in connection with unpublished 
work for the Admiralty. 22,23 His theory was modified and published in 1955. 


attributed the ‘elon in wave heights to a surface current set up by the 
a rising air bubbles. The current opposed the waves and resulted in some break- 
ing and consequent loss ofheight. 
_ J, H. Carr, California Institute of Technology, 1950. —J. H. Carr performed 
ie experiments in a wave tank 60 ft long, 8 ft wide, and 12 in. deep. 24 Four — 
submerged pipes were used for discharging the air. The experiments covered 
shallow-water waves with L/d- ratios up to 13. The wave length r ranged from 
ft to 13 ft, and the depth was constant at 1 ft. 
ta For an L/d- ratio of 2, Carr obtained a maximum attenuation of 60%. At 
“ L/d = = 7, the maximum attenuation was only 15% 15%, a and it remained at this _— 
the higher L/d- ratios up to 13. 
7 ga _ Using Taylor’s theory, Carr also computed the values of deep- water | wave 
lengths (L/d < 2) which would be completely stopped by a certain air flow, and 
the corresponding power | requirements, 25 as shown in Table 1 <a 
_ Carr concluded that on the basis of this theory, practical application of the 
3 _ pneumatic breakwater against deep- water waves was 1 limited to those of 


Per. 20 «pneumatiska Vagbrytare,” by Sven Platzer, Teknisk Tidskrift Vol. - 68, September, q _ 
e.. “The Action of a Surface Current Used as a Breakwater,” by G.I. Taylor, Proceed- 7 
ad ings, Royal Society of London, Vol, 321 A, 1955, pp. 466-478, Curtain of 
.* 3 “Note on the Possibility of Stopping Sea Waves by Means of a Curtain of Bubbles,” 
G, I. Taylor, British Admiralty Report, ATR Misc. 1259,19438, 
24 “Mobile Breakwater Studies,” by John H, Carr, Report No. N-64.2, mytiyuamios 
Hydr, Div., , Calif, Inst Inst. « of Tech., Pasadena, Calif., , December, 
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‘Evans, Great Britain, itain, 1954 


‘Wave tank width = 4.0ft 
Wave tank = 
lengths varied d from 2 ft to 12 ft. 
When the L/d- ratio was less than or to 2, the per foot 
of crest required to stop a wave of length L varied from 0.29 L2.5 10-4 to 1.31 
—L2.5 10-4, As the L/d- ratio was increased from 2 to 4, the horsepower re- 


TABLE 1,—AIR FLOW AND POWER REQUIREMENTS TO STOP 


Air flow, in cubic ave length, period, T, | Power requirement, : 
feet per minute ae in seconds _ in horsepower per 
24,000 


quired to attenuate the waves increased from 1 to 4 times as much as these — 
values. 6 Evans concluded that the complete | calming of waves: longer than ale 
ft would not be economical or even | possible. ‘ 


Ba. Linke, and W. Hensen, Franzius Institute, Germany, 1955 


= length =112m 


Water depth between 1. 15 m and and 1.17m 
giles range of L/d w: was between about 1.7 and 7. 0; and a wave ve temtion 


10% and 73% was obtained.26 
_ Anthony Falls ‘alls Hydraulic "Laboratory ‘Experiments, 


Unive University of 


Apparatus: 
es Tank width = 64 6 in. 
3 Tank depth = 16 in. 
length = 40 ft 


oy When the L/d- ratio was was less than 2, the pneumatic breakwater was poe 


_ 26 “Model Test with Pneumatic Breakwaters,” by Walter Hensen, Dock and Harbour = ; 
Authority, Vol. 36, June, 1955, pp. 57-61. 
27 “Experimental Studies of Pneumatic and Hydraulic Breakwaters,” by J. M..W Jetzel, 
. Proj. Report No. 46, St. Anthony Falls Hydr, Lab., Univ. of Minn,, Minneapolis, Minn., 
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St. Anthony ‘Falls 1 Hydraulic ‘University. y of 
"Minnesota, 1959.—In carrying out the experiments in 1959, two wave tanks 
used.28 The small tank had the 


wet 


‘Depth = 6ft 


| 2 The range of nge of L/d- values in the small tank was was from 1 z. 12 to to 4. 2, and int 


large tank from 1.2 to 2.4. 
: - For a given L/d- ratio the attenuation increased with th the air discharge. 
‘Table 3 gives the maximum attenuation obtained for each L/d- ratio. ‘ele 
= The difference in the attenuation of waves is more marked in the small- 
tank tests, where an L/d- ratio of 1.2 gave a maximum of 90% attenuation, - 
_ compared to an L/d = 4 = 4. .2, which gave only a 30% att attenuation ‘Stee — 
ba ‘TABLE ~ATTENUATIC ION OF W WAVES WITH RESPECT TO 
/d RATIO AT ST, ANTHONY FALLS, 195527 


2.37 


TABLE 3.—ATTENUATION OF WAVES WITH RE RESPECT TO 
L/d- RATIO AT ST. ANTHONY FALLS, 195928 


L/d- Ratio Maximum Attenuation, Ratio 


(a) Smalltank eo  (b) Large tank 


ch 7 Beach Erosion Board, 1959.—Tests of the pneumatic breakwater were con- 
ducted in the large wave tank at the Beach Erosion Board, Corps of Engineers, 

__-United States Army, by the Transportation Corps; the data were obtained by the 

writer in a personal communication. The depth of water was 15 ft. 


ie od Up to 70% attenuation was obtained of a wave with a period of 2.61 sec 

(L= 35 ft). The L/d- ratio was approximately 2.3. For a longer period of 7. 87 

(L 317 ft) the attenuation was: very | small; the L/d- ratio \ was 21 An 


a Studies of Pneumatic and Hydraulic Breakwaters,” by L.G, Straub, 
Cc E. Bowers, and J. S. Tarapore, Tech, Report No, 25, Series B., St. ny Falls 
Hydr., Lab., Univ. of Minn., Minneapolis, Minn., August, 1959, 
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1961 
attenuation of about 25% was Gintent for a 3.75-sec wave (L = = 72 ft, tje< = 
4,8); and less than 10% attenuation was obtained for fora’ SS-8 6- sec wave (L = 160 

it should be noted that the air supply was not pnw and somewhat 
better results might have been obtained with more air. 
of Previous Studies.—The have shown that the 
ratio is the important indicator of the usefulness of a pneumatic breakwater. 
In Fig. 1 the results obtained by the various investigators are summarized 


int the form of a a plot of wave attenuation versus s L/d- ratio, On this plot each 


Because attenuation increases with power consumption, the greatest ntl sao 

_ for each L/d- ratio is, in general, the one which required the greatest power | 
consumption | for that L/d- ratio. By taking an approximate mean line through | 
the plotted points, giving somewhat less weight tothe tests in Japan and those | 
at a Erosion Bo Board because both were done with limited air supply, 
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4 28, small tank 
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Beach Erosion Board, 1959 
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Table 4 was obtained. Table « o gives a fair idea of the most optimistic results: 
_ to be expected from a pneumatic breakwater with RE Oe air — on the 
basis of of previous studies, predominantly with models. ets Seas 


FEASIBILITY OF USING PNEUMATIC 
_ TO PROTECT DREDGES OFF THE NEW JERSEY SHORE ; 
SANDY HOOK TO MANASQUAN INLET 
d Geodetic ‘Survey, United States Department ot Commerce 7 
e area off the New Jersey Shore from Sandy Hook _ 


4 
— 

— 
— 


to ‘Manasquan Inlet, 29 The range of the tide is about 4 ft. A depth of 52 ft was 
- hore, as representative of conditions at mean tide level about 1 mile from the 
shore, , where the breakwater was assumed to be located. This depth is a little 
high in order to offset, to some extent, the fact that L/d- ratios we were ‘computed - 


5 have been published by the Beach Erosion Board. '30 ‘The applicable data are 
_ those for Station C off New York harbor and these tables show monthly statis- 
= on wave conditions at this station over the 3-yr period from 1948 to 1950. 
The data are given in the form of wave periods, wave heights, and the hours 
of duration, These are “significant” waves (symbol Hj /3); a “significant” wave 
being one which has the period of the predominating waves and a height that is 
the average of the higher | one-third of the predominating waves. . The heights in 
the tables are for deep-water | conditions, and therefore, the heights of waves in — 
52 ft of water will be somewhat lower than those given. However, the given 
data are used because the correction would be relatively small (about 1 1% for 
Ih Beach Erosion Board Technical Report No. 4,a method is presented for - 
estimating | the frequency of occurrence of the higher waves in a wave train of 
a given “significant” height.31 By this method it is found that if the “ “signifi- | 
_ cant” height is 2 ft, the height | —— hea not be exceeded 99% of the time is 


‘TABLE 4.—ATTENUATION OF WAVE HEIGHT BY PNEUMATIC BREAKWATER WITH | 
UNLIMITED AIR SUPPLY, FROM FIG.1 


‘Attenuation, 90 $7 £50 #40 #2 15 ##é€15 | 
4 


about ut 3.4 ft. Similarly, if the “significant” height is | is 3 ft, ft, the height not exceed-_ 


*, ed 99% of the time is about 4.8 ft. In order for the breakwater to reduce these ~ 

heights to the “significant” height, the reductions obtained by the 

; _ breakwater would have to be about 41% and 38%, respectively. These are about - 
the most optimistic attenuations that could be expected when L/d = 4.0, and 


_ are greater than | can be expected for larger L/d- ratios, as seen in Table 4 
it is then reasonable to conclude that for “significant” heights of 2 ft to 3 . 
and _L/d- ratios of 4.0 or less the breakwater might be expected to insure 
i that few waves would emerge on the le leeward side with heights ‘greater than 
For a “significant” height of 4 ft, the height not exceeded 99% of the time 
“s_about about 6. 6.5 ft. To r reduce it to 3.0 ft would require an an attenuation by ' the q 


—_ 
he 29 “Approach to Intracoastal Waterway, Sandy Hook Bay to Manasquan Inlet,” Chart — 
824, 3rd Ed., Coast and Geodetic Survey, U. S. Dept. of Commerce, Washington, D. C., 
30 “North ‘Atlantic. Coast Wave Statistics Hindcast by Bretschneider—Revised 
Munk Method, Tech, Memorandum No, 55, Beach Erosion Bd,, U.S. 
Corps of Engrs., U.S. ‘Govt, Priating Office, Washington, D. C., November, 1954. 
“Shore Protection, Planning and Design,” Tech, Report No. 4, Beach Erosion Bd, ee 9 
v. Ss. Army Corps of Engrs., U. S. Govt. Printing Office, ——— D. C., June, 86%, 
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or less. For each of these L/d- ratios analyses were made for “significant” - 
wave heights | of both 2 ft or less and 3 ft or less. The results are shown in 


| time - when ‘the “significant” wave height is 3 ft or less and L/d is 4.0 or 5. O07 


The hours of occurrence of calm sea, or or et waves of “significant” heights p 
of 0. 5 ft to 2 ft, or 0.5 ft to 3 ft, were, of course, not all consecutive, or even © 
necessarily consecutive for any particular period of time. The dredging opera- 


tions would, therefore, probably require the protection of a breakwater even 
7 during calm hours as insurance against sudden swells. This being the case, 
the breakwater would be of some value for the percentages of time shown . 
: Cols. 4, 7, 10, and 13 of Table 5. However, its value is dependent on an ability | - 
to take advantage of the hours of calm or or relatively low swells and to re- 
move the equipment to safety during periods of high swells. Even during the Fl 
“months when the waves are the statistics show “many he hours ‘when ‘waves q 


and some of these hours may occur at any time. Consequently, operations 
would likely suffer interruptions and damage to the equipment unless there 
oun were a reliable service to warnof approaching high swells. For these ‘reasons, 
it does not seem that the breakwater is likely to be of practical advantage to - 
dredging operations off the New Jersey shore unless it can be improved to 
- . the point where it will reduce to 2 ft or 3 ft not only waves in low ranges of 
pe iid “significant” height but also the great majority of all waves that are likely 


_ to occur during extended periods, 


‘The degree to which a single pneumatic breakwater in its present (1961) 
state of development could definitely not be expected to do this is indicated 
by the differences between 100% and the percentages in Cols 4, 7, 10, and 13 
of Table 5. On the basis of the data in these tables the breakwater might make 
dredging possible the highest percentage of the time in the summer months 
of June through August. For these months, using the data in Table 5(d), a ial 
single breakwater would definitely be the : 


It will be noted that if any © one of Tables 5 (a) to () ) had been used instead _ 
of Table 5(d), th 
my breakwater does not appear able to insure uninterrupted safe one 
tions during the most favorable months. 
possibility of using multiple | breakwaters was considered: 
In June the predominant longer waves range up through periods of 10 sec c to 
12 sec (L/d = 10 to14) withheights up to 6 ft to 8 ft. There are a few waves of 
. “this L/d- range with heights up to 10 ft to 12 ft, and a few 12 sec to 14 sec 
¢ (L/d = = 14 to 19) waves with heights in the 4 ft to 6 ft range. aaa ji 
In July, the calmest month, the predominant longer waves again range ie 


_ through periods of 10 sec to12 sec (L/d = 10 to 14) but with only a few heights" 
= to 4 ft to6 ft. There are a few waves in the 12 sec to 14 sec (L/d = : 14 to 19) 


— — 
breakwater of about 54%, more than can be expected for any L/d- ratio 
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‘year 12 sec to 14 sec 
thus | appear to be too severe for any ‘pneumatic breakwater in its — 


oe In Fig. 1 it will be seen that the best attenuation in any experiment 
L/d = 10 was about 15%. This would be inadequate even for the months of June 
and.July. However, if the breakwater could be improved to effect 40% to 50% 7 
_ attenuations at L/d- ratios up to about 20, it could have possibilities for both — 
¢ these months. Two or three breakwaters might be placed across the path — 
of the incoming waves, the breakwaters being separated by enough | distance, 7 
say 1,000 ft or more, to act separately. If each of these breakwaters attenu- _ 
a ated a 12-ft wave by 40%, it would be only 2.6 ft high after passing the last 
one. .. However, with present prospects of only 15% or less attenuation at best, - 
we ‘the wave could most likely not be reduced by three breakwaters to a height 
ois If pneumatic-breakwater equipment were readily mobile it could not only be — 
placed in the form of successive breakwaters, each attenuating the oncoming 
aves, but it could also be moved to new locations as the direction of = 
+ waves shifted, and the length and alinement of of each breakwater could be altered 


2 might suffice, and with all equipment controlled from. a central 

_ location, the second and third breakwaters could be operated only when needed. 7 

7 Similarly, the air supply could be regulated to furnish only as much as re- 
quired, with the full capacity needed only for the high L/d- ratios. 2 arn Pp 
_ However, it appears that in any event a large amount of equipment will be 
required for dredging operations in a location exposed directly to ocean 
waves. This is said with the present (1961) type of pipeline dredging equipment 

in mind. Naturally, equipment that could operate in higher swells would de- . 
mand less protection from the 

7 73 The British air distribution has one feature not incorporated into any other 7 

. models or full-scale applications known to the writer, namely the intermittent 
air distributors. As stated previously there are some indications that this © 

equipment may be specially effective for ‘large L/d- ratios (say greater afl 
5), but until more specific data on its performance are ae this cannot 
a check, a second analysis was based on observations of surf made under 
a cooperative program between the United States Coast Guard and the Beach | 

a Erosion Board.32 The data applicable to this paper are for Monmouth Beach > 
Lifeboat Station, N. J., that is near StationC described ina publication by the 

_ Beach Erosion Board,30 Data are presented by months for the 3-yr period - 
October 1954 to October 1957, in the form of heights of “significant” 


waves and — percentages of time when they occurred, together with monthly _ 
maximum, minimum, and average wave periods for the month. The period = 
corresponding to each range of wave height is not given. Each observation 


included the time, in seconds, for ten complete breakers, and a visual esti- 
= of the “significant” height of the surf. _ 
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$2 “Surf Statistics for th@0asts es,” Tech, Memorandum No, 108, 
asa = Beach Erosion Bd., U. S, Army Corps of Engrs., U. S, Govt. Printing Office, Washing- 
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_ Table 6 was constructed after the deep-water wave lengths had beencom- = fj 
_ puted from the published wave periods, assuming no material change in th . | : 


"wave period between deep water and the observation ee 


_ TABLE 6,—OCCURRENCE OF SURF AT MONMOUTH BEACH, N., J. (AVERAGES > 


9 


_ 
Occurrence of surf, in %oftime | L/d maximum] %of 


“Significant” height, infeet | average for 
period mini- 


mum for 
period 


eggs, 


February 5.2 


to 


im 
e 


October 


ib 


 ° 


— 
= 
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FOR A 3-YR PERIOD, EXCEPT AS NOTED). BASED ON SURF STA- 

a = 

— 

September 26.0 | 55.7 

| 


Col. 6 which is arranged with Table 5(d). In Table 5(d) the 

_ “significant” heights are for deep-water conditions, and in Table 6, Col. 6 they — 5 
_ are observed “significant” heights of surf. It willbe noted that the outstanding _ 
be difference between Table 5(d) and Table 6, Col. 6 is that in the former the - sag 

; ; waves in the > “significant” height range of f0to3s ft occur markedly more often 

hoe in June, July, and August than in other months, whereas in Table 6, Col. 6 oc- 7 


_ currence of waves in this range is muchmore nearly the same throughout noe o! 
a 


a would have the effect of decreasing the range of heights and beeioiedian the fre- : 
quency of occurrence of of the lower heights. f 
In the absence of a better correlation between | the L/d-r sitie and the 
= height ranges, it seemed reasonable to assume that the L/d- ratios for the | 
0 to 3 ft range were less than 5, which will be seen in Table 6 to be —— 


q larger than the average L/d- Tatio that is nearly constant throughout all 


‘The data in Table 6, Col. 6 leadto no more favorable indication of the use- 
- fulness of the pneumatic breakwater in its present state of development, be- 
i cause in all months there is a large percentage of the time (100% minus the — 
3 ‘percentages in Table 6, Col. 6) when the breakwater could not be expected to _ 
insure safe. operations. The of in J June and July wh when the 


5) or. from Table 6, Col. 6. In the other sane “conditions are likely to be 


more unfavorable for the breakwater than Table 6, Col. 6 indicates, because © 


- the 0 to 2ftandOto3 ft ranges of “significant” height may include a —— 


able waren of waves which had materially greater heights about 1 mile off - 


Because L/d- ratios for the waves the British equipment at 


‘Dover, England, were not wees, some estimate of the L/d- ratios will be 
attempted. 


- Evans6 has described the 1952 breakwater at Dover as being 75 ft from the 


* railway dock gate in the inner harbor. He says that the channel, under which > 
the breakwater lay, was 80 ft wide and 40 ft to 50 ft deep, and that the waves» 

were. reported to be 120 ft to 150 ft long and | about 4 ft high, These —_— 
“give an L/d- ratio between 2.4 and 3.75. 


Evans” on to say that waves longer ft seldom occur on | the 
coasts of the British Isles escept those exposed to Atlantic gales, with few — 


reports of waves longer than 200 ft. Data supplied by the United States Navy 
i - Hydrographic Office and abstracted to obtain Table 7 indicate that wav 


es 
A longer than 250 ft occur on the south and east coasts of England from 3% to an 


of the time, depending onthe season. 
a To reach the pneumatic breakwater at the entrance to the inner harbor, 


waves had to pass through the opening inthe permanent outer breakwater, with 
ot change in length and marked reduction inheight. It seems reasonable to. 
that the great majority of waves the breakwater 
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that is the same range of values for which other im investigators 
(Fig. 1) have obtained considerable reductions in wave heights. The important 


Bees the breakwater at Dover effected greater reductions in this 7 
L/d- range, or in a higher range, than obtained others, not be 


—OCCURRENCE OF WAVES ON THE OF ENGLAND 


sec) 


April 


"October 


_ @ Based on on n data from the ‘United States ‘Navy Hydrographic Office, 7 


—_ to surface current extends. 22 Now it is characteristic of water 
waves that if the L/d- ratio is small, most of the energy of the wave is in the 
- same- higher levels of the water as the surface current, and, therefore, the 7 
it the would be expected to be quite effective in damping the wave. However, 
if the L/d- ratio is over 2, an increasing amount of energy is in the lower 
levels of the water. This would explain the decreased effectiveness of the ) 
pneumatic breakwater for larger L/d- ratios. 
. The same limitation on the depth at which a pneumatic breakwater is effec- F 
- tive probably applies to all of the tests that have been mentioned herein, except | 
possibly those at Dover since 1955, because all others used essentially he ‘ 
= same method of releasing the air in jets from holes drilled in the air pipe. a 


. special feature of the British equipment is that the air goes first into the 


> 


rows of cylindrical containers on the bottom, and then emerges from them in 


sudden, intermittent bursts, at time intervals controlled from the shore. ' These ‘ 


a 33 “The German Experiments on Pneumatic Breakwaters,” by AY em Laurie, Dock 


discussing the tests at the Franzius Institute in Germany, A. H. Laurie has 
= ° explained how part of a waves’s energy may pass under the zone of effective- §@ 
7 ness of the breakwater, which in those tests appeared not to reach down much 7 
— Months (7 sec) | (9 sec) | (11sec) | (7 sec) 
— 
> 
— 
; 
| 


a 
j large bursts c of aie are said to create vortices which interrupt the orbital mo- 7 
i tion of a wave and cause it partly to destroy itself.10 This distinctive feature 7 
of vortices near the bottom may have the effect of starting dissipation of the 
wave’s energy at greater r depths than do other breakwaters which release the 
‘This explanation of how the L/d- ratio affects tie action of the breakwater is 
the most plausible that the writer has found and, if this British method or re- 


leasing the air does interfere materially with the wave motion at greater 


depths, present indications of the value of the pneumatic breakwater may have 

to be modified when data are available on the wave attenuation obtained for _ 

* i various L/d- ratios by the latest British equipment. If the equipment should be 

- able to effect large attenuations (for example, up to 40%) for high L/d- ratios 

7 the criterion that few, if any, -wavesover 3 ft high would reach dredging equip- - 
Ment protected by itonthe opensea, 

a this could be done, the matter of power consumption would have to be 

; iy considered more closely, in the interest of economy, than has been necessary 

for present purposes. The 1952 British equipment, which used the jet method 

of releasing the air, required 37 cfm per yd of wave crest, while in 1958 the 

7 Se equipment usin ng the intermittent air release method requiredonly 5.1 cfm per 

yd of crest. 9,1¢ The latest equipment might have further improved efficiency, 

_ ‘but at large L/d- ratios the power consumption would still probably phnataginl 7 


REMARKS ON MODEL TESTS 
The conclusions the results of model tests (summarized in 
Fig. 1) depend on the assumption, made generally by investigators, that the 
4 <A agin reduction in wave height obtained in the model, for a given L/d- 
ratio, 
‘po power required to effect ‘such a a result in the prototype is in doubt. 
It has been generally assumed that the Froude law is the criterion of 
 stmnitartty | between model and prototype; that is, it is assumed that dynamic 
similarity ‘depends on gravity ; and inertial forces only. Laurie questioned the — 
neglecting of viscous forces in his analysis ofthe experiments of the Franzius 
 Institute,33 pointing out how the experimenters wrote that the volumes of = 
ae at full scale were actually 500 to 750 times less than the model would 
indicate by the Froude law. Certainly viscosity is likely to be a significant 
factor. The theoretical explanations of the pneumatic breakwater’ s dissipation 
of a wave’ 's energy include dissipation | by the surface current, by the turbulent 
- viscosity, and by vortices. Losses of energy from all of these phenomena are © 
_ dependent on viscosity. Moreover, the surface tension of water in contact with 
“_ may be significant, because it affects the formation of bubbles. a 
Several other investigators have found “scale effect,” that is failure « of 
Pa. - model and prototype, to follow the Froude law. The tests by the — 
ie S Corps at the Beach Erosion Board in the large tank, 15 ft 
deep, considering it to be prototype, permitted comparisons with tests 
made in smaller tanks, “considering them to be the models. It appeared that | 


i — 
4 
age the equipment would be high if great air capacity is needed, the full power _ 
oe _ Output would be required for only the longer waves, which occur a relatively &§ 
small part of —— 
| 
Bye 
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PNEUMATIC BREAKWATERS 
the power requirements. for steep waves in deep water would be about half 
of what one would predict from the small laboratory tank studies. Also the 
. = disproportion appeared to increase rapidly as the L/d- ratio increased. How- ¢ 
. ever, the > power requirements \ were still quite largef for long waves in shallow ~ 


_ All ss tests known to the writer have used the je jet method of releasing 
“ Further st oan is being given (as of 1961) to the feasibility of designing | 


- model experiments which will account for other forces, as well as gravity 7 
« and inertial forces. Va 


gome > from full-scale tests, to effect considerable attenuations: 


(that is, “percentage reductions) inthe heights of waves for L/d- ratios up to 4, | 
and possibly up to 5, when there is adequate air supply (Table 4). ee a 
2, The maximum attenuation that can be obtained with unlimited air supply a =” 


ae declines as the L/d- ratio increases (Table 
“aa 3. Pneumatic breakwater equipment in its present (1960) state of develop- 
g cannot furnish reasonable protection to conventional pipeline dredging . 
equipment in areas within 1 mile of the New Jersey shore. The criterion of 
7 reasonable protection is the reduction to 3 ft or less of essentially all waves 
which threaten the equipment for extended periods. 
4, The criterion for reasonable protection might be satisfied if posumatic 
breakwater equipment could be so improved that it would be able to effect 
large reductions in wave heights (say 40%) for L/d- ratios up to 10. Then, 
two or three breakwaters in succession, spaced sufficiently far apart to act ‘ 
independently, could reasonably | be expected to satisfy the during 
§, The British equipment has a distinctive intermittent air that 
may make it more effective than other equipment at depths near the b bottom, 
No data are available by which the performance of the British ‘equipment can : 
be correnmes with L/d- ratios. In accordance with wave theory a breakwater _ 


- attenuations for L/d- ré ratios greater than 2 than do breakwaters that - 


_ trate their the layers. 
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GROINS ON THE SHORES OF THE GREAT 


Groins are important structures in the protection na eileen of the 
shore. - However, they are not i cure-all for shore erosion problems, as A 
faulty | design or misplacement of a groin « can create additional problems or | 
increase existing problems. Herein is included a summary of factual data 
‘on existing groins, of changes in lake levels, and other processes (the under-_ 
standing of which is requisite to” design), notes on design of groins for the 
Great Lakes, and some indication of research and costs. — 2 


_ The Great Lakes involve a great expanse and volume. The shores of these 
lakes are subjected to wave action and other forces and processes similar to 7 

_ that of the oceans. Fig. 1 shows the plan of the lakes. Because these character- _ 
istics of the lakes, particularly the changes i in level, are of such significance 7 ; 

the « design of groins, they a are described herein, 
The Great Lakes—St. Lawrence River drainage system extends from the 
7 7 Gulf of St. = Lawrence to the headwaters of the St. Louis River in northern 


Minnesota, a distance of some 2,000 miles” or almost half-way across the | 


North American continent. The entire drainage basin has an area of approxi- 7 


mately 325 325, ,000 sq miles, of which nearly one-third i is water surface. The five 


awrite .—Discussion open until October 1, 1961. To extend the closing date one month, 
a written request must be filed with the Executive Secretary, ASCE, This paper is part 
_ of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the — 
American Society of Civil Engineers, Vol. 87, No. WW 2, _ May, 1961. oct nal ia. 

1 Asst. Chr., Hydr, Design Branch, Engr. Div., Civ. "Works, Office, Chf. of Engrs., 
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uy Great Lakes constitute o one-third of all the fresh water area in t in the world world and i 
cover an area nearly | twice the size of the state of Illinois. ee a 
Pe Lake Superior is the largest of the lakes having an area of 31,820 sq — 
miles (including St. Marys River above the falls), of which 20,710 sq miles 
c. are in the United States. It is about 380 miles long, 160 miles wide at about 2 
ier mid-length, and has a maximum recorded depth of 1,302 ft. The United States 
: oe coast line of Lake Superior, including islands, is approximately 1,427 miles. 
‘The greater part of the lake has a depth of 240 ft or more. Few places in this = 
- lake have a depth of less than 24 = beyond one-half mile from shore. . Com- “ 
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ond has deeper water, -more fog, more ice, and less rain. The lake is char- 


a acterized by deep water and by high ‘rocky shores along a large part of its 
coast. Beaches are mainly of the pocket type in the general rock ledge shore. 


s within the United States. It has an area of 22,400 sq miles, is about 320 parle 

long, 85 miles wide in the vicinity of Milwaukee, Wis., and has a maximum 
recorded depth of 923 _ ft. It has a total length of coast line of about 1,661 
miles, including islands. Approximately 25% of the Lake Michigan shore, the 
north and northwest portion, is composed of bedrock. The remaining 715% of 
the shore is composed of erodible, unconsolidated deposits. Along the west | 


(of the lake, sot (of the portion and and east of 
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, the shore is piatiiaiite glacial till with narrow sand or sand and gravel 
beaches. Area along the south shore of Chicago has been reclaimed from the a 
_ Lake by earth fill. From about Michigan City, Ind., at the Indiana-Michigan © 
state line, there is an area of extensive dunes, ‘and thereon north along the ‘i a 
7 east side of the lake the shores are of sand. Along the southerly 130 miles . 
of this sandy reach, there are high s sand bluffs ranging from about 20 ft to Ae 
100 ft in height. North | of this reach the bluffs become lower in elevation, and a 
north from about Ludington, Mich., the bluffs are composed of glacial till with | 
; ba Lake Huron, second largest of the Great Lakes, has a total area of 23,000 - 


- miles, of which 9,100 sq miles are within the United States. It is about 


250 miles long, 98 miles wide at a point above Saginaw Bay, and has a maxi- 
mum recorded 1 depth o of 750 ft. Its coast line within the United States (including 
Saginaw Bay and the islands) is about miles in length. The Lake Huron 


shore is generally composed of glacial till banks with narrow sand beaches. 


pol Lake Erie, fourth largest of the Great Lakes, has a total area of 9,940 a 

- miles of ‘which 4,990 are within the United States. It is about 230 miles long | < 
and near Cleveland, Ohio, it is about 57 miles wide. It is comparatively shal- _ 

gj low, the maximum recorded depth being 210 ft and average depth about 90 ft. on 

The easterly half of the south shore of Lake Erie is characterized by very 

j narrow sandy beaches extending along a base of glacial till or shale bluffs, or . 
both, that rise nearly vertically from 50 ftto 100 ft above lake level. Westerly - ; 
the beaches are composed chiefly of shingle a and coarse gravel and are narrow 
except at obstructions and at outwash plains. ‘These beaches are backed by 
glacial till bluffs ranging from 50 ft to 100 ft high in various stages of erosion. . 


= two reaches described previously are separated by Presque Isle Penin- 


miles and broadens from about 250 ft in width at the neck to about 1 1/4 miles 
a Lake ‘Ontario, the: smallest in area of the lakes, although it has a larger ia 
volume than Lake Erie, has a total area of 7,540 sq miles, of which 3,560 sq 
miles are- within the United States. It is about 180 miles long and about 50 
miles wide near Rochester, N.Y. Lake Ontario is comparatively deep, its 
maximum recorded depth being 778 ft. Its coast line within the United States 
is about 331 miles in length including the islands. The south shore of the lake ; 


east to >» Mexico Bay, just north of Oswego, N. ¥. is regular with shallow 


_ a ‘recurved sand spit extending in a northeasterly direction about 6 1/4 


several shallow ponds guestiealiy cut off from the lake by narrow y ridges of 
shore. Numerous creeks empty into these ponds. In the easterly end of the 
lake, the coast north of Stony Point is characterized by numerous islands and 
bays. In general, its shore consists of glacial till banks with narrow beaches. a 

=i The principal flow is through the lakes themselves and their connecting — er 

_ channels, Water flows from Lake Superior through the St. Marys River, 
om ~» about 20 ft, into Lake Huron, Lakes Huron and Michigan are connected 7 d 
by the Straits of ‘Mackinac , a waterway of sufficient size to allow the two , ; 
lakes to maintain identical levels and in fact react hydraulically as a single 
lake. From Lake Huron the water surface drops about 8 ft to Lake Erie, 
flowing through the ‘Sst. Clair River, Lake St. Clair, and the Detroit River. The 

water ‘surface drops about 326 ft between Lake Erie and Ontario, the 
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through th St. Lawrence River (the improved St. Lawrence 
Seaway) to the of ‘St. Lawrence, he 


deposits, wave cut cliffs and other features which are now abandoned. The — 
_ lower stages are indicated | by features such as sand and shell zones in deep — 
water clays and by deep valleys in the lower courses of rivers, now partially 


may be described as as (1) long term variations, , caused p principally 
by long term trends in precipitation; (2) seasonal variation caused by seasonal | 
. distribution of ‘rainfall and the freezing and thawing schedule of the year; and ¥ 
s temporary or short term fluctuations caused mainly by wind setup, and 
_ The levels of Lake Superior and Lake Ontarioare controlled by man-made 
structures. The control of Lake Superior is effected by compensating works 
in the St. Marys River, reducing the range of fluctuation by reducing both : 
highs and lows, but allowing the lake surface to fluctuate essentially within 
: the natural range. . The control is governed by treaty between | the United States 
and Canada through the International Joint Commission; the agreement being [ 
that the levels would be held “as nearly as may be” between the elevations of 
602. 1 and 603.6 above mean tide at New York, N. Y. The existing works were 
completed in 1921. Lake Ontario is controlled “as nearly as may be” between 
he elevations of 244 and 248, except under conditions as previously agreed 


power. ‘Regulation of the “remaining lakes is 1 now “under study by the U. 
_Army Corps of Engineers, North Central Division in Chicago, Ill. This regu- © 
= would entail reducing the seasonal highs and lows of these lakes without — 


bogey by regulating works at the Iroquois Dam. These works were completed 


interfering with the agreed-upon n regulation of Lakes Superior an and Ontario. 

During the period of record 1860-1958, long term high levels have occurred 

on the four uncontrolled lakes at intervals ranging from 5 yr to 29 yr. . The — 

occurrences of long term fluctuations are shown in Table 1. 

_ The occurrence of long term high or low water fluctuations are without _ 

doubt related to precipitation. However, students of the lakes have been unable | ar 

— to o determine a a constant lag or adefinite formula relating precipitation to lake i; ca . 

= A comparison of extreme high and low feared mean levels are given - 


Seasonal fluctuations are ‘superimposed ‘upon the a term levels and are 


“of the highs and lows ns the ness range of seasonal fluctuation on a 


bes 
The Great Lakes have stood at their present elevationsfor several 
(i thousand years. Recent geological studies suggest that Lake Michigan and © a 
Lake Huron reached their present elevations less than twothousand years 
In the past, water levels in all the lakes have been both higher and lower 
= i 
— 
ar 
be 
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ay = 
. 
varriation generally occurs in late winter before spring rains and 
— 


Short term or. temporary range in duration from a 
& sow minutes to several hours, depending upon the cause and the characteristics 
of this cause. These fluctuations are, of course, superimposed upon the still 

_ water level existing at the time, that would include both the prevailing long 

term and seasonal increment of level. The temporary fluctuation is, in fact, — 

_ a an unbalancing | or tilting of the water surface within the lake. Table 4 gives, :- 
for specific gage locations on the various lakes, the maximum heights of - 


TABLE 1.—OCCURRENCE OF HIGH LAKE 


Lake Michigan-Huron Lake a 


___Lake © Ontario 


Interval, in 


1862 
1876 


_ TABLE 2.—COMPARISON OF HIGH AND LOW LAKE LEVELS 


‘Highest One- Lowest One-Month 


and | Leve: Month and Range, in 
Superior | 602.2) | 05 | Aug. 1876 
Huron 6 583.68 June 1886 | 577. 73 | Feb, 1926 
-70 | May 1952] 569 Feb, 1936 
Ontario 246.0 | 249,29 | June 1952] 242.68 | Nov. 1934 


Levels are elevation in feet above MSL at New York, N. 


- short te term fluctuations occurring « at average ieniiiies of once each inl yr, 


ICE EFFECT ON THE SHORE 
_ Because the Great Lakes are composed wholly of fresh sine. there is | 
considerable ice formation. These ice conditions may be beneficial or harmful | 
in their effect on the shore or shore structures. The harmful effects result P 
principally from from the battering of structures by floating ic ice, particularly ‘Guring 
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Usual Month of Occurrence 


Ontario 


‘TABLE 3,—OCCURRENCE OF SEASONA 


by 


INS 


L FLUCTUATIONS 


Average in 
March 


February 
January 


Gage 
Location 
Harbors, 
Minn, q 
“Marquette, 
Mich, 


City, 


Mich, 
Ladiaghon, 
Mich, 
Calumet Hb Hbr. 
| Mich, 
Milwaukee, 
Wis 
Sturgeon Bay 
Canal, Wisc. 
Harbor Beach, 
‘Fort Gratiot, 
Mich, 
‘Gibraltar, 
Mich, 
Toledo, 
Put- 
1 Cleveland, 
Ohio 
* 


Heights are infeet, 


Period of 
Record 


t of at Vertous 


Frequencies of Occurrence 


1930-1952 


1899-1952 
1946-1952 


1922-1952 
1 


1903-1952 


1937-1950 


1941-1952 


1905-1952 


1940- 1952 


| 


June 

q 
Superio 1941-1952] 14 | 16 18 21 
| Pe troquois, | 13 | #165 | 19 | #86 
= &g 
— . | 


= 4 
; heavy ice floes following spring breakup, and from om uplift pressures 0 on struc- 
tures. Beneficial effects result when the shore and shore structures are pro- 
tected from wave action by the following occurrences: (1) Usually in early 
_ winter wave swash and spray forms ice on shore and shore structures, at 
times the ice builds to a height of 12 ft to 15 ft; (2) in midwinter ice forms a 


‘solid covering extending as much as ‘several miles offshore; and (3) storms» 


® 


As mentioned previously, waves experienced on the Great are 

similar’ dimensions to those of the ocean coasts. ‘The most extensive recent 
published works on waves on the Great Lakes is a series of Technical Mem- 

_ oranda of the Beach Erosion Board, prepared by Thorndike Saville, Jr., M. hes 
ASCE, in 1953,2,3,4 These are the results” of a study made by the Beach 
Erosion Board staff and including hindcasts from United States Weather 

“ a Bureau (USWB) 6-hr synoptic charts for the 3yr period 1948-1950, inclusive. 7 

The wave characteristics were obtained from curves derived by Sverdrup and 7 

_ Munk, as revised by Arthur and later by Charles Bretschneider, M. ASCE. 

a "Additional hindcasts were made in the North | Central Division, Corps of ~ 
Engineers, and the Milwaukee, Chicago and Buffalo Districts thereof in 1953, _ 
= the general su py of the writer, using the 5-yr period of record 

- 1948-1952, inclusive.° In this study fetches used were shore-to-shore straight 


2 line distances in the direction of the wind , as determined at the shore obser- 


vation stations, and wave heights were determined by the same hindcast 
method used by the staff of the Beach Erosion Board. Wave heights occurring 


with an average frequency of one each year and once in ton amanda are given 


the angle of of the waves, which of course is in turn 
: dependent upon prevailing wind direction. Predominant direction of current e 5 
4 


is not necessarily the predominant direction of littoral drift, because there 
ed may be a littoral barrier or absence of source of material to the updrift. The 

determination of predominant littoral drift by computation of resultant wave — 

energy, ‘material source, use of indications, such as 


s 2 “Wave and Lake Level Statistics for Lake Michigan, ” by Thorndike Saville, Jr ay 


Beach Erosion Bd,, Tech. Memorandum No. 36,1958. 
W. «. “Wave and Lake Level Statistics for Lake Erie,” by Thorndike § Saville, Jr., Beach 
Erosion Bd., Tech, Memorandum No, 37, 1953, 
4 “Wave and Lake Level Statistics for Lake Ontario Thorndike Saville, ,Beach 
Erosion Bd., Tech. Memorandum No. 38,1953. 
—_— “ Additional Wave Statistics for Stations on Lake Michigan and Lake Erie,” ” by Char- - 
s E. Lee, Annual Bulletin, Beach Erosion Bd., 1958. 


act as bre na height of | 
— 

Wave generate = sactor in beach stability _ 
&g 
in 


accretion at barriers, permits the following 
Lake Superior. —The drift along the Minnesota shore of the lake gen- 


erally is from \ west to east northeasterly of Grand Marais and from east to 
west for the area westerly to Duluth, Minn. Along the southern shore from — 
- _Duluth to the peninsula westerly of Marquette, Mich. the drift trends from 
oom to west, then reverses 3 and flows generally west to east to about midway — 


> 


ru 


Brule River, Minn, ie 
Carvers Bay 
"Little Lake, Mich, 


Baileys Hbr., Wis. 
Milwaukee, Wis. 
Chicago, Ill. 
Muskegon, Mich, 


Frankfort, Mich. 


North Point, Mich. 
Harbor Beach, Mich, 
Port Huron, Mich, 


Cleveland, Ohio 


Extrapolation of curves beyond presented limits. a 
Deep water wave based on full year (12 months), 


Resulting from Changes in Lake Levels, by Great Lakes Div., Corps of Engrs, (now 


Army Engr. Div., North Central), 
d Superscript numbers refer to footnotes used in text. 


2. ‘Michigan.—Along the western shore, in the vicinity of the north 
half of Door County Peninsula, the direction of drift varies. The upcoast and 
; downcoast direction components of wave energy are practically equal. North © 4 
of Two Rivers, the drift is predominantly northward, and to the south, +a 
rit is predominantly southward. In the vicinity of Milwaukee, Wis., the drift ES 
has a much stronger component toward the south. The over-all tendency to | q 
_ southward drift onus to some point | below Chicago, where the directional 


between this nodal zone and shout Ludington, the predominant drift is to coll 


5.—HINDCAST WAVE HEIGHTS—ONE YEAR AND TEN YEAR FREQUENCY 
. 
| 
— 


 gouth. — near ‘Ludington northward, the ‘drift varies, wut ts: — 

= 3. Lake Huron. —In the northerly half of the shore, between Saginaw Bay 
: d the Straits of Mackinac, the drift direction is quite variable, From that — 


_ midpoint southward to Saginaw Bay, the trend is southward. Saginaw Bay is ™ 
considered a complete barrier to littoral drift. Just north of Harbor Beach, | 


the drift resumes a southward predominence to Port Huron, Mich. lla be a | 
ie _ 4, Lake Erie.—West of Cleveland, Ohio, the direction of drift varies as in © 


certain areas the predominant direction is to the west, and in others is to the 


east. However, from Cleveland to Buffalo, the drift is predominantly eastward. 
_ = _ Lake Ontario.—From Hamilton, Ontario, to a short distance easterly _ 


of Niagara Falls, the drift is generally westward, then becomes easterly and, . 
because of "shoreline 


e direction, becomes northerly about Oswego. 


EXISTING G GROINS 
Counts of groins were available for eleven sam, cumaiee areas on Lake Michigan, 
* ‘Erie, and Cmtario, No information was obtained for areas on Lakes Superior 
Huron, 


= 
The information was obtained from cooperative beach erosion 
control studies made by the U.S. Corps of Engineers and such od 
information as could be obtained. The sample areas are as follows, the dates 
in parenthesis refer | to the > approximate date of the count: 


2 ; “Racine County, Wis. (1951), along 14 miles of shore line of the we 
shore of Lake Michigan; 


3 City of Kenosha, Wis. (1954), along 4.5 women “a2 shore line of the west 


State of linois 58 miles of shore line of the southwest 

ey 5. Chagrin River to Fairport H Harbor, Lake County, Ohio (1949), along 10 


«6 . Sandusky to Vermilion, Ohio (1951), along 20 athe of shore line of vail 


9, Presque Isle Peninsula, Penna. (1958), along 6.25 miles of shore line, — 
near Erie, of the southeast shore of Lake Erie; ot oF 
8. 


Hamlin Beach State Park, N. Y. (1954), along 12, 000 feet of shore line, 


_ west of Rochester, of the south shore of Lake Ontario; ae 
a 9. Braddock Bay State Park, N. Y. (1954), along one mile of shore ‘line, 


10. Fair Haven State Park, N.Y. (1954), along 2 miles of shore line, south- 
west. of Oswego, of the south shore of Lake Ontario; 

11. Selkirk Shores State ‘Park, N. Y. (1953), along 6,000 ft of shore line, — 


heast of Oswego, of the east shore of Lake Ontario. 


These data are tabulated in Table 6 according to permeability and material _ 


f construction. Of the 841 groins examined, there were 109 or 13% permeable a 
and 732 or 87% impermeable. Of the permeate groins, 55 of these, or 50%, 


are of precast concrete construction, most of which are the patented type 
al 


illustrated in Fig. 3. In all there are 209 groins of concrete construction, 


making up 25% of the total. Of this 209, there are 59 anaes or 28% nel 
» 
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State of Illinois 
Berrien Co., M 


Lake Co, 


Wis, 


Ohio 


(2) 


Fairhaven (2) 


Kenosha, Wis. 
S-V, Ohio (1) 
Presque Isle, Pa 

Hamlin Beach (2) 
Selkirk 


Braddock Bay (2) 


wit 
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Ohio 


(2) New York State Beaches 


4 


or sand filled 


ves 


ns T-shaped in plan 
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The remainder of the groins are distributed as. as follows: 189 or 22% timber 

crib; 182 or 22% steel sheet pile, of cantilever, cellular or crib construction; - 

147 or 17.5% timber pile and sheeting; and ater or 13% placed stone, —— 1 ; j 

Table 7 lists 831 groins from the 11 sample areas according length, 


_ dimensions were not available for 10 groins along the state of Dlinois shore 
These statistics show 531, or 64%, are 100 ft or less in length, 174, or 21%, 
Js are 101 to 150 ft in length and the remainder range to over 300 ft in length. 
This predominance of short groins is due largely to the large percent of 
- - private ownership, because private owners are usually unable or unwilling he 
a to make the expenditure to provide for other than minimum protection. ‘Many 
ad the short groins are spurs attached to bulkheads or seawalls nial : 
‘Table 8 presents a list of 626 groins according to ownership. Ownership 
information for the area between Sandusky, Ohio, and Vermillion, Ohio, was 


not available, therefore, the number of groins tabulated herein is less than 
in Tables (6 and7 and 7. . Of f these 626 ‘groins, 318, or 51%, are privately owned, 74, 


\BLE 7. NUMBER. OF GROINS ACCt ACCORDING TO LENGTH IN FEET 
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a of ten groins unknown, 
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or 12%, are city owned, and 4 94, or 15%, of unknown ownership. The remaining 
(22% are owned by states, the United States, Racine County, Wis., , Park or 
Sanitary Districts, cooperatively owned by states and the United States, or 
by unknown public agencies. 
In recent years public agencies have shown greater interest in the pro- 
tection of the shores of the Great Lakes, including protection by the use of on 
 groins. There is, of course, greater federal activity since federal participa- _ 


4 tion in the cost of construction of eee works v was 3 authorized by Public 


— 84th Congress (1956). Whereas many groins have been authorized or recom- 
“mended for construction with federal participation in their cost, as of May _ 
"1959, , only | twelve have been constructed. These groins consist of one of — 
at Selkirk Shores State Park on Lake Ontario, in cooperation with the state _ 
of New York, two of steel cells, and nine of steel sheet pile (cantilever) at — 
* Presque Isle Peninsula on Lake Erie, in cooperation v with the om of — 


vania. Those at Isle were c constructed 


< 
— | 

Location \ r300| Total 
1 | 

ah 
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| facement of sand fill on on the beach. The material was dredged from the shore 
along the landward side of the peninsula, 
_ Each type of groin referred to in Table 6 is described in following para- 
graphs. . Several groins of unusual construction, of which some were included © 
". under a general classification in the table, are also described. The groins— 
¥ listed are impermeable unless otherwise defined. Plans of two types of groins, 
the cantilever steel sheet pile groin” and the precast concrete permeable 
groin, patented by Sidney M. Wood, are shown on Fig.3. 
je Steel Sheet-Pile Groins.—Cantilever steel sheet-pile groins are described } 
first because this type of groin has proved most economical in many areas 
along the lakes. They | of interlocked steel sheet pile, generally of. 
material weighing 22 psf to 32 psf, driven along a straight center-line, gen- | 
erally perpendicular to the shore. Whenthereisa layer of lacustrine material 
in the; foundation, penetration of at least twotimes the exposed araeis is often 


oundati enetration © astt is 0 a 


TABLE 8, NUMBER OF OF GROINS “ACCORDING TO OW NERSHIP 
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Racine Co., Wis, 
Kenosha, Wis, 
State of Illinois 
Berrien Co. Mich, 
_ Lake Co., ., Ohio 
Presque Isle, Pa, 
Hamlin Beach, 
Braddock Bay, N.Y. 
Fair Haven, N.Y. 
Selkirk, N.Y. 


Park or Districts 
Actual public agency unknown 


ise, This | lial is reduced when there is a firm foundation ma- a 


ts terial. It may ‘be constructed with or or without wales. Often the outer end, which 
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Cantilever sheet-pile groins are found extensively along the state of Mlinois’ 
shore,®,7 Berrien County, Mich. ., Shore and at Presque Isle Peninsula, Erie, 
; Penna. 8,9 The Corps of Engineers constructed ten groins of this type at Fort c 
Sheridan, m., and designed nine others constructed ¢ at at Presque Isle Peninsula, 


6 “Cooperative Beach Erosion Control Study of Illinois Shore of Lake Michigan,” 
Document No. 28, 83rd Congress, lst Session, 
7 «Lake Michigan ge Studies,” ” by John R, Hardin and William H. Booth, Jr. oo 
ae ASCE, Vol. 118, 1953, pp. 39-50; and Discussion by Charles E, Lee, pp. © 
“a “Cooperative Beach > Erosion Control Study of Presque Isle Peninsula, Erie, Pa.,” 
House Document No. 231, 83rd Congress, Ist Session. 
#4 Bie “Case History of Shore Protection at Presque Isle Peninsula, Pa.,” by Charles E. 


‘Lee, Proceedings, Third Conf. on Coastal Engrg., Council on Wave Research, 1952. a: 
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in cooperation with the state of I New York. When last heh the aiid at 

Presque Isle were functioning as expected by maintaining a protective a ; 

on the updrift side. The Commonwealth has a much needed project underway 

to provide periodic nourishment to the groin field. 

In _ addition to the straight steel groins constructed perpendicular to the 
4 


Pe there are also instances in which groins are constructed at various | : 
- angles to the shore, others form a “T” or an “F.” Those constructed at a 
i ’ angle with the “shore generally are based on the premise that the acute angle 
pores the predominant direction of drift) will collect and retaina 
_ larger percentage of available drift, and that those forming an obtuse angle a 
will retain only a portion of the drift and allow the passage of the remainder, ‘ 
thereby achieving the effect of permeability, nourishing the downdrift = | 
of the groin to some extent and decreasing the scour potential. From obser- — = 
; vation, it is concluded that groins forming an obtuse angle with the shore are 
_ generally ineffective and that the effect created by those forming an acute 
angle can be duplicated at less cost by a straight perpendicular groin extending 
_a like distance offshore. The “F” and “T” groins were obviously designed on 
the premise that scour potential would be decreased by diffracting the im- 
pinging waves. There are conflicting _ opinions on the value of this type of — 
construction. Those observed have been effective. However, in all cases, the : 
“af groins were relatively short and located in areas of ample drift with some — 
variation in direction, making it reasonable to assume that straight groins — 
without spurs might have similar effectiveness. 
‘a Steel Sheet-Pile Cellular Groins.—Steel sheet-pile cellular groins are 
_ constructed of interlocking steel sheet pile forming connecting cells of cir- 
r cular or elliptical shape and filled with sand or stone. Little penetration of 
: the piles is needed because the cells are generally filled immediately after 
construction. This type of groin is not in general use. However, it is a valu- 
able design in cases in which alternative materials are expensive and pene- 
tration cannot be obtained, or when ice or wave actionis severe. = 
_ Timber Crib Groins.—Timber crib groins consist ofaseries of connected, 
stone filled conventional rectangular or notched round timbers ; 


q 


a 


- throughout the lakes, especially where the groins were constructed in earlier _ 
years when timber was more plentiful and less expensive. = —™ 


ee Timber Pile and Sheeting Groins.—Timber pile and sheeting groins are 

_ many variations of the timber groin. The most extensively and successfully 
used type consists of two or more rows of vertical driven sheeting with wales 

on both sides along the top and about midway between the top and the beach 

_ gurface, and round piles driven at intervals along the entire length. Penetration 
of the piles and sheeting is dependent on foundation conditions, but the sheet- 

_ ing should extend below the depth of maximum expected scour. 


block construction. The blocks are of various sizes and shapes. In addition, 
are a few units constructed of concrete sheet piles tied together by % 

- A rather unusual type of groin, constructed of concrete pipe, is located at 
a _ South Shore ‘Park, Milwaukee, Wis.10 However, variations of this design are 
7 3 found at other locations. Nearshore breakwaters of sand filled concrete pipe 
Shore Protection,” by Poriland Cement Assoe., Chicago, Mi, 1955 


Shore Protection,” by Portland Cement Assoc., 1955. 
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May, 16 1961 


are located at South Michigan, on the east side Lake Michigan 


a Fairport, Ohio on Lake Erie 
groins at South Shore Park were constructed sections of 32- 


42- in., and 60-in. concrete pipe (progressively increasing in size seaward . 7 
from the shore end) placed adjacent to each other, filled with gravel, 
>: capped with concrete. The sections of pipe are tied together by channel wales 
~ each side secured by tierods. The groins were constructed without con- _- 
current placement of sand fill in an area where there is little littoral drift. 
Therefore, the groins have not caused accretion of significant 
‘but it is believed that the rate of erosion in the area has decreased. 
al Stone Groins .—Stone groins are used more often on Lake Erie and Lake 
_ Ontario than on the other lakes. ‘This is probably due to the high cost of stone 
on the southerly portion of Lake Michigan; Lake Superior is not severely 
_ troubled by erosion problems and Lake Huron is less heavily developed than 
the others. The stone groins are generally constructed of a trapazoidal sec- 
tion with a top width of about 3 ft to 5, ft. Common construction practice is to 
Place the core material to about half the design height, run the placing equip- — 
on ment to the outer end, then work shoreward placing the slope and crest stone 
_ to finished height. Other stone groins commonly used are of dumped riprap 
orboulders,both permeable, 
Permeable Groins. —There are various of permesble groins used. 
ese 
consist of precast reinforced concrete units like flat dumbbells. The 
units are threaded on concrete piles toform cribs. The permeability is varied 
. varying the number of longitudinal ‘members. The lengths of units range 
} from 6 ft to 14 ft with corresponding weights of 0.75 tons to 1.5 tons. The 
width of the groin is approximately equal to length of the unit. A concrete 
= deck is often placed on the top of groins to form a usable top surface. 
_ Although groins of the preceding design are found at many locations, , the 
“ writer is most familiar with those on the shore fronting Northwestern Univ. a 
. Evanston, fil, These groins have required little maintenance considering 
their length of existence, but they have not to the 
Other commonly types of permeable groins are of con- 
crete block, steel sheet pile, and timber. Steel sheet-pile type are usually | 
slotted with increasing permeability toward the outer end; the timber ‘ype 
are ‘e generally constructed of vertical sheeting with paces left between s sheets. 


gn can be established that —_— be a applicable to al 
areas . The use of groins should be recommended only after a thorough a 


of their applicability in the specific area, their effect on adjacent shore 


a periodic nourishment of the beach without groins. The material, type, 

7 _ dimensions, spacing and cross section of each individual groin must be de- 
termined on the basis of intended purpose, location, exposure, drift ne gel 2) 
istics, availability of materials, and limits on construction methods. “4 
general, it is considered that impermeable groins shouldbe u be used 01 on n the anal 


Lakes. General design criteria and methods follow. 


| 
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a First step in design of groins is the determination of the beach dimensions ; 
required for protection of the areaor toservice the expected beach attendance. _ 
From an economy standpoint, it is usually not possible to provide full pro- 

tection from the most severe conditions that may occur, but only against 

a those having | a reasonable frequency of occurrence. In this ‘respect, the ele- 

_ vation of the maximum monthly lake level, that is expected to occur once in 
.- yr, together with the height of the maximum temporary fluctuations ex- 7 


pected to occur once each year superimposed uponit is generally a reasonable 


still water design level. The design elevation of the beach berm would be a 
distance above this design lake level equaltothe run-up of the maximum wave 
expected to approach v without breaking. This design berm elevation would vary 
- according to location, as both temporary fluctuation and impinging wave height 
- depend principally on fetch and nearshore hydrography. Generally design 
berm elevations fall within the following ranges above mean tides at New staal . 


Lake Michigan - Huron, 588.5 ft to 590. 5 ft 
= Lake Erie, 580.5 ft to 582.5 ft ares 
Lake Ontario, 253 ft to 255 ft ters 


The ‘shore section of securely tied to high 
- " ground at the shore end to prevent flanking and ordinarily have a top elevation 
not lower than the general height of berms of existing beaches and a length 
equal to the berm width of the anticipated beach, Barrier groins, that are 
a intended to completely block passage of littoral drift, or to reduce it con- — 
‘siderably, should be higher than the anticipated beach berm . Also, in the case 

ef stone groins, it is desirable to have the top elevation about 1 ft higher than 

<< the anticipated beach berm elevation to compensate for the spaces between 7 
- cover stones. The intermediate sloped section should not be steeper than the 


slope of the existing foreshore, and should approximate the slope of the an-— 


ticipated beach. For construction ease, the top elevation of the seaward section — 
: 4 is governed by the expected still water elevation at the time of construction. 
- For stone construction, the minimum height and crest width of groins is dee 
_ termined by the size stone needed to withstand wave forces. Groin length and 
7 5 spacing are inter-related and are governed by (1) the angle the beach normally ~ 
makes with the generalized shoreline and (2) the minimum width of beach | 
required on the downdrift side of groins, ‘The beach alinement is, of 


aus 


course, a function of direction of wave attack. Penetration of cover stone is 2 ; 


= Analysis for structural stability depends on the construction material to | 
y ‘be used. For a rubble mound structure on a sand beach, stability is usually — 
= attained by determining the size of individual stones, together with the place- 
" ment slope, necessary to withstand the force of the design wave. A method of 
6 determining the design wave, , which is usually related to the depth of water at 
the toe of the structure, is ‘also adequately covered in a previous reference. : 


il “Shore Protection - Planning and Design, Technical by Beach 


Bd., Corps of Engrs., Revised 1957, 
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The guide for of size ana slope is 


in which is — of individual stones, Wsr defines the weight 


- of rock, H denotes the wave height, Kg refers to a constant equal to 3.2 for 
“no "damage conditions, Sy ist the specific ‘gravity of rock, and a denotes 


should be used together with experience in the locality. In most cases side 
i a slopes should not be steeper than 1 vertical to 1.5 horizontal in order to” 
collapse of the slope itself. Foundation conditions must be 
consideration, Particularly for the larger — For poorer foundations, it 


; ;  ased on model tests of waves approaching a structure at an angle of 90°. it q 


tability of cellular or cantilever groins is particularly 
oe horizontal pressure exerted by wave attack and upon the foundation material. __ 
The. best of the known methods of estimating pressure exerted by waves of : 
various characteristics has been given by the Beach Erosion Board.!1 ‘Critical 
considerations for design of steel sheet pile cellular groins are 
3 stress and tilting of the cells. The design method proposed by E. M. Cum- . 
oi - mings,13 F. ASCE, using a factor of safety of 1.5 for tilt and 2.0 for interlock a4 
stress, appears satisfactory. The design of cantilever groins, including ma- 
terials, penetration, wales, other devices is. is adequately 


FILLING P PROCESSES" 


“covered by others.! = 


q = ca ‘The Great _— Division and Chicago District, Corps of Engineers, made 
a a study of rate of filling of a five groin system at Fort Sheridan, ll., between — 
» i ‘October 1951 and October 1952. This study report, on which the design of the r 
 eenitines steel sheet pile groins was based, was published as House Docu- 
ment No. 28, 83rd Session. Analysis of this is available. 7 


i graphic surveys made in October and December 1951 and April, May, August, 
and October 1952.1 ie 4 Over the 12 month period, the ‘system collected 21,600 


tion according to time was as follows: Between October 12 and December 4, 
1951, an average of 3,120 cu yd per month; between December 4, 1951 and —_ 
April 18, 1952, an average of 1,020 cu yd per month; between April 18, 1952 “y | 
May 28, 1952, an average of 4, 570 cu yd per month; between May 28, 1952 


ss 1952 and October 8, 1952, an average of 2,245 cu yd per month. The study 
i scosectta that rates of filling for the Fort Sheridan area could be correlated 

a 12 “Design of Gucny-stees Cover Layers for Rubble Mound Breakwaters,” by R. Y. 
U. S. Army Engr. Experiment Sta,, Research Report No, 2-2,1958. 
oF ss 13 «Cellular Cofferdams and Docks,” ” by E. M, Cummings, Proceedings, ASCE, Vol. ~~ 

14 “Filling Pattern of the Fort Sheridan, Ill. Groin System,” by Charles E. i Pro- 

‘ceedings, Fourth Conf, on Coastal | Engrg. on Wave Research, 1953, 


4 : = August 12, 1952, an average of 210 cu yd per month; and, between August a 


a, 7 
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directly to an index of wave energy when corrected for direction, impoiting 
ability of the groins, ice effect, and lake level. 
Principal conclusions that may be drawn sven the study are that (1) in xi 
_ Fort Sheridan area storm waves are the principal motivating force of littoral ‘< 
drift, causing a varying rate in the filling process; (2) initial accretion occurs 
: lakeward of the outer ends of the groins; (3) initial filling does not necessarily ; 
occur at the updrift groin, but rather the groin may act as an energy dissi- 
pator; and (4) the storm waves cause irregular filling patterns whereas the 4 
less steep be cates = H/L, in in which L is the wave length) waves smooth the J 


4 


Little on have However, costs of specific 
7 structures on Lakes Michigan, Erie, and Ontario are given. There are many | 
factors exclusive of cost of materials and labor that affect groin | cost. These 
factors include the characteristics of the nearshore and foreshore that affects 
the quantity of material per foot of groin; location and accessibility of the | 
7 B site affects mobilization of construction equipment as well as transportation | 
: cost of materials; characteristics of topography and foundation as well as 
— construction methods required affects the ease and rapidity at which the 
: construction may be accomplished; and the availability of nearby natural con-— _ 


struction materials affects the transportation cost. 
The following information was obtained for groins constructed on Lake 


1953 at Fort Sheridan, Ill. The total length of the ten groins was 2,347 line ear 
ft. The cost of the groins was $115,701 or $49 per foot of groin. — phony tiie eo" 
cas 2. In 1949 two  groins were constructed at Rogers Park in Chicago, i, 
ei of timber piles with triple Wakefield sheeting . The cost of the 240 ft total - 
Tength c of groins was $27, 100 or $113 per f foot of ‘groin. 


‘oe 
In 1951 the of Ohio four test on state owned prop-— 
erty at Camp Perry in Ottawa County. The cost of the four groins was 


$17,490.88. The groins are described as follows: 


Groin No. 1 was 94 ft long, consisting of 664 
a linear ft of steel sheet piling type MZ-27. The cost was $3,694.84 or $39.24 
2. Groin No. 2 was 108 ft long, constructed of 240 linear ft of 12+ in. tim. 
ber piles, 216 linear ft of 6 in. by 8 in, timber wales, 108 linear ft of 2 in. 
4 by 12 in. oak sheeting. The cost was $4,345.92 or $40.24 per foot of groin, 
. * Groin No. 3 was 116 ft long, cantilever construction consisting of 828 — 
* linear ft of steel sheet pile, type MZ-32. The cost was $4,972.42 or $42. val 
i. Groin No. 4 was 130 ft long, constructed of 300 linear ft of 12 in. tim- 
a ber piles, 1080 linear ft of No. 3 gage steel sheeting bolted to 260 linear ft a 
8 in. by 2 3/8 in. steel channel wales. The cost was $4,477.20 or $34.44 per 


About 800 ft ft of beach w was protected at Camp Perry at a cost of about ened 


“not obtained. 
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At Park, County in n September 1950, a groin 
concrete blocks placed in a pyramidal shape over 
§ core of quarry- run sandstone and capped with ith concrete. The 160 ft of groin 
Smee location and time as the preceding, , one g groin was constructed 
a 3 fore ¢ blocks, measuring 2-ft by 4-ft by 6-ft, placed in a pyramidal shape 
a over a quarry run stone core with concrete upper core, , capped with blocks” 
= in concrete. The 90 ft of groin cost $6,323.54 or $70.25 per foot. iis oe 
he 3. At Avon Lake Village Park, Lorain County in September 1951, a groin 
oie was constructed of concrete blocks measuring 2. 5-ft by 5-ft by 6-ft with .. 
' — matching faces of the blocks serrated to p: prevent displacement. 151 ft of groin 
- (including placed concrete bank connection) was $9,928 or $65.75 per foot. 
Lakeview Park, Lorain County in October 1951 a groin was con- 
~ structed of sandstone blocks, The toe stones weighed 5 tons to 8 tons and the o- 
_ slope stones 4 tons to 5 tons. The toe and slope stones were placed over a : 
25 Ib to 300 Ib broken stone core. The structure was capped with stone > * 


- blocks. The 207 ft of groin c cost $20, 286 or goa per foot. © onan 
att Selkirk Shores | State Park, New ‘York on Lake Ontario a stone cin a 


The 220 ft of groin cost $32, 600 or $107 per foot of groin. — 


* INVESTIGATIONS UNDERWAY 


- Jnvestigations on groins known by the w writer to be underway (as of t 1961) 
7 are being accomplished by the U. S. Army Corps of Engineers. Probably the 
2 urgent study is one under the Chief of Engineers Civil Works Investi- 
_ - gation (CWI) Program being performed by the Beach Erosion Bord (BEB) in a 
_ their model coastal basin. This study considers the effect of waves of various _ 
ee ere roy and periods and directions on littoral drift along a straight reach of 
beach. Later single groins and systems of groins will be installed to ctor 
a mine their effects on the beach and on the drift. Various studies under the 
ow program that indirectly effect groin design are being carried on at the ee 
S. Army Engineer Experiment Station (WES) Vicksburg, Mississippi, 
and at the BEB. At WES there are studies on wave force on breakwaters and ss 
‘. stability of rubber mound breakwaters, the results of which will also apply ‘’ 
: a to rubble mound groins; and a study of shoaling processes. At BEB there are 
studies on structural design of shore | structures; methods of bypassing sand; 
-amdcriteriafor artificialbeaches, 
_ Much additional research is needed for the Great Lakes to permit more 


“effective economical design. Wave statistics have been compiled 
hindcasts for stations on Lakes Michigan, Erie, and Ontario. Statistics are i 


needed for Lakes Superior and Huron, and for additional stations on the other z 


_ three lakes, Prototype wave observations are needed for various locations on 


. be all the Great Lakes. Information on durability of groin materials infresh _ 

water and the of new materiais, such as plastics, that would a 


“a  j The following data on costs is given for other groin construction in the if 

a 

| 
a pravity 2.70 obtained m quarry ah es from the park, 
\a 
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GROINS 
5 aid Much has been ac seated in the u understanding - of the variations in lake 
a levels, and of temporary fluctuations, since 1950. However, there is much 
yet to do, including the gathering of additional statistics and analysis thereof. _ 
It has been previously stated that design still-water level is usually on the : 
- order of the elevation of the monthly mean lake level of 20 yr frequency with 
a 1 yr frequency temporary fluctuation superimposed upon it. The chance of 
the simultaneous occurrence of this combination is not 100%, but because © 
_ general storminess usually accompanies high lake levels, it is reasonable to 
_ assume such for design purposes. Further study might be \ warranted as to the 
; _ frequency of these combined simultaneous occurrences. It appears that the 
matter of groin spacing might be given consideration for further research. 
Such research should not only include the shape of the principal portion of 
a the fillet, but also the determination of the length of shore affected by a groin, 
7 i” - It would also be of value to determine further information on pattern of filling © 
of: single systems of groins the effect of spacing and height on 
CONC LUSIONS| 


_Impermeable | groins have been ‘the ‘most widely used. means of attempting 
to stabilize the shore line or create a beach in the Great Lakes area. The 
majority of the groins were constructed by private interests of wood, steel, 
= concrete, or combinations thereof, using many and varied designs. In ‘ 

many cases no coordinated plan of protection has existed and design of many _ 


- of the structures have been detrimental. In very few instances has the place- 


ment of beach fill accompanied the groin construction. Impermeable groins | 
. have been found effective where the littoral drift is adequate to maintain the 
4 system. In areas of low littoral drift, groins have not accumulated a beach and 
contributed little to the protection of the upland. In many instances, 
_— groins have aggravated the erosion effects in adjacent areas, requiring added - 
4 protective works that might not otherwise have been necessary. However, | 
even in cases in which the downdrift shore is harmed, or when insufficient _ 
beach - material is collected to provide protection to the backshore, in most 
= cases, benefit is received updrift of the groin by a reduction in the rate of 
erosion. For maximum benefit to the 2 gpcsrqeaade area and minimum damage 
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. | _ groins should be accompanied by concurrent placement of beach fill in the © 
i} Great Lakes area. In general, design of groins for the Creat Lakes differs ; 7 
i : - little from that for ocean shores, except in the method of determining ele- [i 
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‘TABLE 9 —FEDERALLY MADE COOPERATIVE BEACH EROSION CONTROL ey. 


$48, 84th Congress, 2nd Session _ Manitowoc Co. from Two Rivers to Saitowes, Wis. 
273, 84th Congress, 2nd Session a City of Kenosha, Wis. (June 1954) 
88, 83rd Congress, lst Session Racine Co., Wis. (Dee. 1951) 
Gity of Racine, Wis, (Dec. 1951) 
28, 83rd ist  Dlinois Shore of Lake Michigan 1949) 


1 


77, 79th Congress _ Marblehead to Line, Lake Er 


126, 83rd Congress, 1st Session _ Appendix IV, Sandusky Bay. 

32, 83rd Congress, lst Session “Appendix VI, Sandusky to Vermilion 
229, 83rd Congress, 1st Session Appendix VIII, Vermilion to Sheffield Lake Village 
=— 83rd. Congress, 1st Session ae Appendix XIV, Sheffield Lake Village to ) Rocky River 


324, 83rd Congress, 2nd Appendix XI, Euclid to Chagrin River 
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351, 82nd Congress, 2nd Session Appendixes I Il, VII, XII, Fairport to peter ei 
350, , 82nd Coarenp, 2nd Session _ Appendixes V and X, een to Pa, State Line 
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-- Selkirk Shores State Park, N.Y. (June 1958) 


‘Selkirk Shores State Park, N.Y. (May 1 1958) 
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DEEP | WATER WAVE WAVE GENERATIONS ‘BY “MOVING WIND diana 


By Basil w. ASCE 


‘This paper concerns the ‘mathematical justification a for fore- 
casting wave heights and periods within traveling fetches of variable wind 


_ over deep water. The method applies to a fixed wind direction along which 
both the fetch and the wind magnitude are considered to be variable with time. © 
tt adapts observational data on significant heights and periods of waves gen- 
erated by winds of constant velocity to the general case in which the velocity | 

has a dependency on distance. The graphical procedure devised to handle this . 
situation was verified only for stationary fetches variable wind 


-easion of the 1915 hur burricane, that Galveston, Texas, shows = 


development use of concepts of the wave 


"Tine. —Discussion open mail Ocotber 1, 1961. To extend the closing date one a 
| a written request must be filed with the Executive Secretary, ASCE. This paper is part 


of the copyrighted Journal of the Waterways and Harbors Division, Proceedings of the — 


Amato Society of Civil Engineers, Vol. 87, No. WW 2, May, 1961. se Vcc, 0.0. 
Presented at the April, 1960 Amer. Geophysical Union Meeting at Washington, D.C. 
he. Prof, of Engrg. Oocanography, Agricultural & Mechanical College of Texas, College ; 
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‘ 
ss integrations are here replaced by step-wise numerical integrations, readily _ | | 7 
performed on a high speed digital computer. A direct comparison made 
| 
DIS 
= 


196: 1 


“May, | 


and R. W. James, F. _ ASCE (3), and has come to be ‘known widely a as the PNJ- 
‘ method. Quite a radical ‘departure is involved in this procedure from that of _ 
the previously existing (so-called) SMB-method that evolved from the work of 
and Ww. AL Munk (7) and of Charles L. Bretschneider, M. ASCE 


made between actual wave recordings and results appli- 


game of the two methods have yielded differences in many cases (10), (11), 
(13), (14),(15) and ‘reasonable agreement in others’ (16), (17). At least part 


changes of these ett with time, but there is still some controversy _ 

= the acceptability or the universality of the Neumann spectrum on which | 
the PNJ method depends (17),(18), (19), (20), (21), (22), (23), (24), (25), (26), (27). 
Gat It is not the purpose | of the present paper to enter upon an evaluation of 

7 the relative merits or faults of these or other wave forecasting techniques. oe 


5... final analysis all such wpe have a fundamental dependence on | 


be. Such pr data, evaluated on the of the significant wave, a 
% as in the SMB forecasting method, are utilized here in a new way in an effort a 3 


4 to increase the precision of wave forecasting and eliminate the subjectivity . 
of determining fetch and wind duration. Though Munk (23) has perhaps rather 
prematurely denounced the significant wave approach, Bretschneider (9), 
J. R. D, Francis (15) and others, including the writer, are convinced of its 
oe engineering usefulness . A feature that is often overlooked is that there is now 
an impressive volume of observational field and laboratory data that afford z 
a reasonably consistent picture of the empirical yeaa governing the a 
ae involved _ dimensionless parameters g H/U2, g T/U and g F/U2, when wind 
duration can be regarded as unlimited. It is the : fairly solid edifice of these P 
ee relationships that ‘supports the structure of the method tot be saan 


EMPIRICAL RELATIONSHIPS GOVERNING DEEP-WATER GENERATION RATION 
OF WAVES BY WIND OF CONSTANT VELOCITY 
Fig. 1 is taken from the writer’s first paper and is 
based on an earlier compilation of wave data by (8). It plots 

i the dimensionless wave parameters c/U and g H/v2 versus a wind parameter - 
ig x/U2, in which c is the deep-water velocity of significant waves of height — 
; H generated by a steady wind of constant velocity U acting for an unlimited 
_ time Over a finite fetch x over deep water. The term F denotes the fetch 
“length, 1 in feet; the symbol g has the usual meaning of acceleration due to . 
gravity; likewise the significant wave is by usual definition the wave that has 
the average height of the highest third of all waves encountered in a repre- E o 
sentative time of measurement. Bretschneider (9),(29) has since revised his 
curves by more careful curve-fitting and by establishment of 
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ultimate limits, but the changes are ‘drastic and the previously fitted 


26 tanh 


= 1.40 tanh |438 


still apply with approximation, tn case the retention of these 


with earlier work, . In any satin ge it should not be difficult to revise Eqs. 
3. fit more closely the latest observational data of the type of Fig. 2 
o. & It has previously been shown (28) how these equations could be used to 
develop families of forecasting curves in a three-quadrant arrangement such 
as that of Fig. 2, andhow these could be used to forecast graphically the waves 
generated by a moving fetch of wind within which wind velocity was variable — 
with both time and distance. The theoretical implications of this method were _ 


then but are now the of inquiry in this further develop- 


‘ment. 
DERIVED RELATIONSHIPS GENERATION OF WAVE 
WIND WHICH IS OVER THE all 


The first problem posed is that of finding the general oa govern- — 
ing c and H when U is an arbitrary function of x (the distance along the line Ss 
an r Of fetch) for which Eqs. 1 would be special cases if U(x) happened to be con- © i) 
stant. The velocity U(x) is assumed for the present to be steady or * 
with the time at any particular point in the fetch. pie 


_ To achieve this we differentiate Eqs. 1 with respect to x, regarding U = 


a constant, then eliminate the parameter in) terms of using 


s transformation hereby ensures that the incremental gains in 


e-*. height and velocity over elemental distances are independent of position 
and dependent only on the net | energy input from the wind. The requirement _ 

that U be constant may be discarded in Eqs. 2 and general dependency on x 
substituted in the form U(x). Simple verification of this ug ee is en a 


is 


is convenient to introduce for of 


bs 
. 
&§ 
J 
&§ 
ele 
— 


R GRAPHICALLY FORECASTING 


ad 


= 


N FIG, 1) FO 


2,-RELATIONSHIPS (BASED O 


i 


2s 

(knots) 


_ SIGNIFICANT HEIGHTS AND PERIODS OF WAVES IN DEEP WATER | 


VO VELOCITY, U- 


> 
SIGNIFI 
WIND 


ITY, 


— 

— 

aa 


Te 


= 4. 36 x 1072 so ) that the equations are rendered as 


But from . Eqs. 4a and 


tan 


to Ea. 2a, 


log (0. 26 + - log (0. 26 - 
In Eq. 8 the value of ky 1 (107 2) ee ne introduced and the units adjusted to 
Fender dH/dx in feet per 

Differentiating Eq 


tion of Eq. 4a with respect to (6a) 
= k 26 - | 
«® 


WAVE GENERATIONS 
= log 1.40 - Z) 
, Substituted in 9b with the value of ko x gives 


7 


and 12 are “the. differential equations, to 
Yy’ 
7 ‘3 and Z’ take the forms shown in Fig. 3. Fig. 3(a) is for significant height H 
and Fig. 3(b) is wave c in deep water, with distance 
= 
FOR A GIVEN FETCH-LINE 
— problem concerns the use of _ Eqs. 8 and 12 in evaluating the 
: height and period of waves generated ab initio from any arbitrary point ina s 
_ space-time wind-field of variable wind U(x, t) such as might be encountered 
alongaparticularfetch-line, 
‘such a situation it is convenient to consider a practical ex- 


of 12 hr that indicate the progress of the hurricane towards the coast. The 
particular fetch-line of interest is along the hurricane track from the south- 
east in a straight line bearing directly on Gilchrist, just north of Galveston. 
Shown in Fig. 4 at fixed arbitrary points along the fetch-line AB are arrows © 
and numbers defining respectively the direction and velocity (in knots) of the 
wind at the different times. (Arrows with numbers indicate wind directions 
and velocities in knots.) These were computed from the pressure patterns 
by methods outlined elsewhere (30), (31). The components of the wind velocities 
directed along AB were derived and plotted in the form ofa space-time 
wind-field that is shown in Fig. 5 appropriately contoured for component | a 
wind velocity in increments of 2.5 knots, The shaded or positive zones of ' - 
wind are components directed towards Gilchrist; white areas define com- 
_ ponents of wind velocity in the opposite direction, away from Gilchrist. i 
It will be noted from Fig. 4 that the hurricane track coincided initially 
7 with the fetch-line AB but subsequently veered to the left. The node-line in- 
Fig. 5, defining the boundary between white and shaded areas to left-center _ 
: of the “wind- field, corresponds to the path of the eye up to a distance of about 
“nautical miles from Gilchrist. ‘Thereafter, as would be expected, pro- 


z= 
| 
= 
— 
the Gulf of Mexico towards the port of Galveston in Tere, 
: 4 shows a synoptic sequence of surface pressure patterns at intervals 
| 
= 
— 

—— 


In Fig. are shown wave height, wave and wave propagation lines 
starting from two arbitrarily selected points A and B in the positive wind- 


field and radiating into NE, SW, and SE quadrants respectively in relation to ox he 
_ these individual points. These (full-line) curves have been derived by the Ey 
graphical technique (28) in a particular study of Gulf hurricanes (30),(31). — 7 - 


The graphical technique used the curves of Fig. 2 in what was essentially aan 


_ graphical integration process based on Eqs. 1, in lieu of mathematical inte- 
- gration of Eqs. 8 and 12. In adapting the system to a purely mathematical 
approach, the fi first is in the growth of wave height, 
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. 3,-RELATIONSHIPS GOVERNING RATES OF CHANGE 


J - pnw , ¢, and period, T, over a small initial increment of time or distance, 
- from any arbitrary point in in space and time at which waves are considered to 
be created as ripples. 


= ‘Although it is known that ripples or capillary waves have a minimum 
23 per sec and a rate of progression (group velocity) 
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FIG, 4,~12-HOURLY SYNOPTIC PRESSURE PATTERNS FOR THE GULF OF MEXICO, 
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will allow eaten, transition from the capillary to the gravity wave > stage > 

is considered to be sufficiently rapid for capillary effects to be neglected in _ 

the interval Axo, | being effe effected in only asmall fractional = of the interval. 


i 
Wind Velocity Uy Knots 
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y ‘choosing a fetch Ax Xo sufficiently si small and by supposing the ‘wind acting 
over this distance to be virtually constant in velocity, Eq. 1b may b be © approxi- - 
iby 


— 
er than the velocity , here treated, m tinuously and prog 
ee ae greater e growth, ity and con 
| theory of wav ith zero veloc 
_ the lets start with z 
that the wave 


on the — that gx/U2 is a small quantity. For x = si at the | nae of the 
short fetch, the wave velocity Ca, in knots, will 


owe 


| 


1 This supposes that At, is very much longer than the time taken for the wave- | 

lets to emerge from the capillary phase, and that over the time Ato the ef- - 

fective rate of progression is at the group velocity c/2 applicable to deep- a 

water gravity-waves. On substituting» Eq. in Eq. 15 and integrating, ‘the 

elapsed time, in hours, is found to be 


for Uy Up in knots and Az AXpo ir in 


is selected as 1 hr, that experience ‘would s suggest is adequate, 
AXo is obtained readily from Eq 16, as 


for Up in “knots. Eq. 14 yields, for Uo in 1 knots, 


‘AND PERIOD ATTAINED BY 
THE END OF A SMALL INITIAL FETCH, 4% 
the basis that is small, Eq. la reducesto |. 


on 


wa lets is fo d from E 19 as 
wavelet is found from Ea, 


U, in knots and Ax, in allen, 


the partiowiar is ‘taken to hr, 


— 
| 
—- Axo in nautical miles. Satin may 
attain the end of the fetch 
| 
2 
— 
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T, 0. U AX, 
| 
for Uo in knots and Axo in miles 

Again, for the ‘special case of to 1 1 hr, Ea. 10m 7 may be inserted 


4 ~a IN A VARIABLE SPACE-TIME WID WIND- FIELD 


- function of both distance x and time t the only satisfactory means of rere eerste = 


Eqs. 8 and 12 is by a numerical step-wise procedure. In schematic form this. a 
is indicated in Fig. 6 in respect of just the wave propagation-line. The numeri-_ 


cally integrated wave-path of wind-generated waves in deep water and the | 


elements of the numerical computations are shown in Fig. 6. “ial a 
* The wind-field is there represented as a rectangular : space- e-time lattice 
whose intervals in distance, A, and time, T, , are taken sufficiently smallto _ 
ensure good accuracy in the integrations. It is supposed that the wind velocity 
components along the given fetch direction are known at all lattice intersection 
points, being derivable from the contoured wind field. Any intersection point | a 
of the lattice may be chosen arbitrarily asa starting point for the propagation 
of waves. . Whether distance, A , or time, 7, is used as differential increment 7 


; of integration depends essentially on the value « the eee of the 


and \ is the increment of integration it 


and therefore by making Ato =T in Eq. 16 the increment of distance, 
| Mo is at once determined, as also are c,, H, and T, from Eqs. 14, 20, and . 
6.33, respectively. If Tis suitable chosenas 1 ‘hr, Eqs. 17, 18, 21, and 24 apply. 
The value of. ‘UG, used in these equations is that, (Uo), pertaining to the 
starting point 0. 


a 
the period short gravity waves of low height indeep wateris = & 
a" @é€§«5=s_«s iit follows from Eq. 14 that the period T,, in seconds, of the wavelets at the 7 
fetch Axo willbe 
ae 
ir. 
ag 4 Because the gradient of the propagation line in the lattice (Fig. 6) is a meas- _ 
of ‘V is clear that 7 is the dj 
— 
@ 


"velocity Ua for the “next step, starting at a, (Fig. 6), must bi be pel 
the lattice-point values U, and in which subscripts refer to the 
= lattice numbers taken in the ‘order ‘of absissa, ordinate, T . Thus, 
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establishing t the point b in Fig. 6 6. 
To compute and | use qs. Thus in Eq. 8, by 


¥ inserting 
4 


— « 
3 
— 
asin to compute 
g 


from Eq. 12 for 


— (310) 


ound direct: 
33) 


At this it necessary interpolate | ‘the wind velocity 


anticipation of the next step. If (Axo + + Ax,)< A, as shown in Fig. — 
U, = + U 


The } procedure previously outlined may be continued senses a a search at 
-= step to ensure that c/2< A/r. If, as at d, (Fig. 6), the test shows Cq/2 
>A/r, then a change over is necessary from use of T to use of A as the ait. - 


computing He, and all subsequent values of height and velocity, 
Giterential increment of ‘would A, as in the following: 


‘a Eqs. 32 the interpolation of Ue would now toa accord with 


is found, le - 
The period Tj, of the waves at b 
— 
fromwhich &§ 
| 


COMPARISON OF ‘GRAPHICAL AND 


ona a digital computer (Fig. 7). The results of a a pilot 
: a applied to the points Aand Binthe wind field of Fig. 5 are shown by the series — 
‘of plotted points closely following the (full-line) height, period, and propaga-_ 
tion lines as obtained by the graphical procedure. The satisfactory check thus» 
- secured is both a verification of the graphical method and a demonstration alll 
the practicability of the mathematical method. 
Whereas the time taken for the graphical construction of wave height, 
Eng and propagation lines for a single starting point, such | as AorB in ; 
Fig. 5, normally required from 15 min to 20 min, the corresponding time for 
“their computation numerically on a No, 650 IBM electronic computer using 
fixed point decimal notation was reduced to from 20 sec to 30 sec. This ad- : 
vantage of speed opened up the possibility of investigating many more ted by 
gation lines from wind-field areas than could normally be contemplated t by 
why In an extended study of the waves gent generated by the 1915 hurricane from. 
the south-east off Gilchrist, the wind-field of Fig. 5 was prepared as a lattice 
of values of wind velocity component, U, with intervals A = 10 nautical miles’ 
and T= 1 hr, as shown in Fig. 8. Numerical integrations were run from lattice 
intersection points within a band of the wind-field defined by the 10-knot _ 
wind velocity contour as the upper limit and the 20-knot contour as the lower 
‘limit. Representative samples of wave propagation linesfrom within this area 
§ are shown in Fig. 8 carried as far as the 100 fathoms depth line that defined : 
| approximately the edge of the continental shelf, 130 nautical miles SE of 
‘Gilchrist (see inset, Fig. 8 that shows the hurricane track), j= | 
7 gd ~The ‘comparable graphical study for this area had to be satisfied with only 
a five propagation lines outside the 100 fathom depth, as shown in Fig. 9, start- _ 
ing from arbitrarily selected points close to the upper boundary of the positive ‘ 

- (shaded) wind zone, so chosen to ensure the longest possible domination of | 
‘the waves by wind. ‘The heights and periods of the significant waves at the 100- — 
fathom depth — recorded in Fig. 9 in which the propagation lines intersect = 
the depth-1 line. These values are embodied in the dash-line envelope curves 
“of Fig. 10, depicting the maximum significant wave heights and periods likely _ 
‘to have reached the continental shelf-edge at the times shown. These results » 

c are adapted from a previous work by the writer (30). The paucity of informa- — 

_ tion for defining the envelope curves as obtained graphically required supple- : 

That the graphical estimates were quite is shown by ‘the very ry much 

precise definition of the eaveloge curve made possible by the high 


speed numerical computations (Fig. 10). The zone of the wind-field within 
a which computations were made, however, | was insufficiently wide to eran the 
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The de description 

7 aly be interpreted ne terms of a wave energy spectrum or of the size of — nie 

prevalent significant wave, that connotes a recognized statistical distri-— 
bution of wave heights ‘and periods. The latter description is basis 


OF 


a —SPACE-TIME WIND-FIELD FOR THE GALVESTON HURRICANE ALONG THE 


SOUTH- EAST APPROACH TO GILCHRIST, TEX. 


for the developments in this paper. Observational data, , linking heights and — 


‘periods of significant waves with wind velocity and fetch under conditions of 7 ; - 


; _ steady wind of constant magnitude over deep water, are used to evolve em- 
pirical yo yen of wide scope that define the differential rates of increase 
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J urves any definition earlier than 1800 August 16, 1915, | «Gg 
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These differential equations are suitably derived from empirical formulas 
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ND NUMERICAL PREDICTIONS | 


ae 


fitted to the observational data and in effect yoteuetion: the latter for variable 
.— In the general case of wind blowing ina a particular direction over an ex- 
panse of water, the wind velocity may vary not only with distance but also with 7 
time, particularly if the wind system is moving, as in a hurricane or cyclonic 
storm. The changes in wind velocity bearing inthe given direction may best be 
visualized in a wind-field or space-time plot of velocity components, Such a 
wind- -field is shown for the SE approach direction to Gilchrist, Texas, on the 


attacked Galveston from the Gulf of Mexico, The waves generated by this 
hurricane along the SE direction bearing on Gilchrist were investigated in 


i & In the present paper the | equations and procedures are developed for inte- 
- grating the differential equations by numerical step-wise methods, that are 

7 readily programmed for execution by fast electronic computers. A high speed 

digital computer was used in pilot computations to check the graphical wave © 


 hindeasts for the wind-field mentioned. In this work it was found appropriate _ 
to use wind-field lattice spacings of A = 10 nautical miles and T= 1hrasthe ~ 
differential increments for integration. Successful checks between the graph- — 
ical and methematical methods were obtained. 
A machine computation, covering the history in growth of height, | period, 7 
and travel of waves originating from a specific point in space and time within | 
the wind field, could be performed in from 20 sec to 30 sec as against a time 
of some 15 minutes to 20 minutes required for the graphical operation. The 
use of faster computers already promises a reduction of the time to some- 7 
thing of the order of a second or two. As a result of the great saving in time > 
; i effort, it becomes feasible to compute large nu numbers of wave propagation | 0 
lines covering needed areas of wind-field, thereby permitting sharp definition — 
functions of time, at any point along the givendirection. 
o on The need for such envelope curves is prescribed by the multiplicity (even 4 
infinity) of wave propagation lines that can reach any point along the fetch — 
_ over a period of time, Clearly, the highest significant wave, of longest period, * 
Ss at a specific time over-rides any lesser values. The statistical nature ~ 
of the significant wave concept ensures that aproper distribution of individual © 
wave heights and periods exists, within which any inferior significant wave © 
heights and periods can be accommodated, To some extent this deduction has. 
to be intuitive because it is impossible to convey an adequate physical picture , 
of the mechanism by which waves are continuously generated from ripples at 
‘-. points along the fetch, as is hypothesised in this forecasting method. a 
Although the numerical procedure here described may now be considered | 
to verify and supplant the earlier graphical method of treating wave genera- 
tion in moving fetches of variable v wind, there is still great need for rigorous” : F 


‘comparison « of its predictions with actual wave » measurements. The only real 
_ test that has been made is that of P. S. Shrivastiva (32) this was not very ac- * 
 curately performed, yet gave results comparable with the SMB and PNJ fore- 


— methods. Application ig the graphical method in studies of hurricane 
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; and consistent results can be expected. Research, being carried ou out ir - 1 1961, 
7 is attempting to give final validation to the » method. a 
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a knowledge of the specific value of this function when the independent vari- aa 
.% able U is constant, or independent of x, as in H2 = = + Uo). eiidetiaiain 


find 
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As shown in Fig. “11, 11, yields ‘the general of the curve wat inter- 
section of plane parallel to the reference plane x), andthe 


curved surface - n this three-dimensional representation of a 
=. By resorting to the known function H2 = = f. ix. Uo] the variable x may ine 
eliminated on right hand side of Eq. 39, to yield wen whe 
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shown in in ‘Fig. 11. 
if we are concerned with the value of tHe attained when U i U is a speci 


function of the variable x, namel oa a 
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9 WAVE GENERATIONS 
will be seen from Fig. 11 that the curve of intersection of the v yectiont sur 


“face th through = = 6 (x) 


This curve of intersection oaianndl without change c of the Eq. 42 ‘onto . 


the reference plane thereby defining an area whose value is the 


illustration of this Siete. with particular reference to the problem > 


— this paper, we may su ee that i it is is known from observation that the re- 


f(x) 


FIG. 11. —SCHEMA TIC REPRESENTATION OF ‘THE D DETERMINATION OF A A GEN- 
 ERAL FUNCTION (H2) OF TWO VARIABLES (x AND U) FROM A 
FUNCTION IN WHICH ONE OF (U) IS CONSTANT 


between significant wave height H, fetch x, and constant wind ve- 
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x, , in conformity wit with 


in which both Up and a are constant, then, in with 


use use of Eq. 49, Ba. 50 may be converted ‘readily to 


3 


: dependency on wind fetch x and variable wind velocity U(x) in terms of the 
4 original observation. If U were constant and equal tc to Up, Eq. 51 would reduce 
identically to the observation under which Eq. 44 was formulated. asa ee 
As a final check on the validity of the procedure we note that the differ- 
of Eq. 43 must mathematical that 


By, differentiating E Eq. 51 partially v 


al + + U 
that is ‘identical with Ea. 48, as it should be. be. 
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which k is a numerical coefficient. On squaring this im 
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by C. L. Bretschneider, Tech. Memo. No. 118, Beach Erosion Bd., Corps 


cs “Hurricane ‘Wave Statistics for the Gulf of Mexico,” by B. W. Wilson, 


_ _ Tech, Memo. No. 98, Beach Erosion aa., , Corps of Engrs., U. S. — 

31, Wave Statistics for the Gulf of Mexico,” by B. 
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Council Wave Research, Berkeley, Calif. , 1958, Pp. 68-95. 


$2. of Wave Hindcasts, Wilson’ Method with Observations 
-- with other Hindcast Methods,” by Parmatma S. Shrivastiva, Thesis _ 

to the Texas Agricultural and Mechanical College at College 

Sta., Tex., in January, 1956, in nen fulfillment of the for 


_ Symbols adopted for use in this paper are re yooeuted bere for ea ease of ref- 


erence for the aid of discussers: 
ie, a = dimensional constant in in Eq. (A 10); ae ” 
—_ subscripts referring to il incremental 1 steps c of of integration — 


+ in deep- -water of waves; 


a,b 


function of variables; 


= function of variables; 


= specific forms of 
BS = due to gravity; 
= height of wave; 
integer subscript of distance (= 0, 


peat 0, 1, 2, 
numerical coefficients Eq. 


“Graphical Approach to the Forecasting of Waves in Moving Fetches,” 

° 
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); 


"integer subscript (Appendix B), (- 0,1,2 


defines the fraction which the exceeds a 
¥ MOD defines the fraction of 10 by which the number 10 
ies _ in which p is the largest integer for 4 
integer subscript (Appendix B), (= =0, 1, ,1,2,3 


of icant waves; 


(Appendix 


(a particular value value of At = tk+1 - 


= constant value of U (Amend A); 
‘Space-time lattice point (Xj, t)) i); 


‘value of U at space-time lattice ‘point (XK, ty) or or (Xp, + 


i value of U at space-time lattice point (Xm ty); 3 


= valve of U at space-time lattice point (Xm + +1 1, t, 


= value of U at space- -time lattice ‘point (Xin 


waves in n deep water; 
xX = = (1) dimensionless parameter [= = gx/U' an (2) distance from 


coastal station fetch line; 


value of X (2) defining the position Xk [= X 
Particular value of X[ = md]; either 


=MOD9(%)i 


value of X [ = (m +. 
x 


| 
step from the start of the digital 
— 
— + 1)th step from the startofthe 
‘particular value of t[=n7T]; either = or th = ty - MOD (ty) 
— = particular value of (n+ D7) | 

) initial value of U at 
— 

— 

— 
— if 


4 = value of x from the start to. the (k + ‘2)- -th step of the digital 


= dimensionless parameter [= 


Z= parameter [Fc 

differential co coefficient of Z with to x X(1); 


_ incremental of fetch; 


a (x) = 


= interval of time in 1 space- -time lattice; cee 
= dimensionless parameter di defined by Eq. (Sil); and 


= dimensionless parameter defined by Eq. 
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~BREAKWATERS IN THE ‘HAWAIIAN ISLANDS2 
| 


_ It is understandable that the author did not deal with all the iid a 
mentions as fully as they deserve, because it would be beyond the scope s 
the paper. It is felt that further development of some points will prevent a 
_ justified general conclusions being drawn from discussions of a limited num- 


Jar importance will be. discussed herein. 

: Damage.—Attention should be drawn to the fact that 603 tetrapods oe 

used | for the repairs and this should be kept in mind in ‘connection with the Z 


—, that 3 tetrapods were broken and 30, that is, only5%, were rolled 


As far as ‘tetrapods were “concerned, confined to the 
£ water heads. No damage occurred along the straight portions on which 7 
pods were used. The main damage was to an older section of breakwater in 
notetrapods were used. 
- Design,—It should be emphasized that this damage was expected and that it 7 
was allowed for when the design was decided on. Two points of view were ex 7 


pressed, one by M. H. Marty, who recommended that a fully preliminary study 

* & made and who stated that the proposed design would be incapable of with- 

_ ‘Standing lo local wave conditions if the proposed layout and tetrapod | weights were 

used. The other viewpoint was that of the engineers in charge of the project 

who intended to use a lighter armor layer after having computed that the cost 

_ of periodic repairs would be less than that of constructing a k a breakwater capa-_ 

4 ble of standing up to normal conditions at Kahului. 
_ The latter wees prevailed. The damage that occurred was part of the 
 secepted risk, and experience may be considered to have confirmed the cost 
estimates because } damage was localized and did not endanger the breakwater 
Calculated risk.—It is considered that the concept of risk has not not been 
fully exploited because before taking a risk it is to what 


is and to have calculated 


June 1960, by R. Q. Palmer Paper 2507). 
13 General Mgr. Sotramer, France 
14 Pres, Inc., , New York, N.Y. 
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No model study 1 was jundertaken in connection with » Kahului before the break- 
waters were “repaired. The author makes it clear ir that the likely extent of 
: damage was only realized after the repairs had been n completed. we a 
4 In spite of the comparatively inaccurate gemnyye data, it is felt that a 
af model study specifically concerned with Kahului would have provided more 
-. reliable information regarding the risks that were being taken when construct- — 
ao essential - prerequisite to breakwater construction would appear ear to be 
- model studies carried out at the design stage. These would make it possible | 
‘“ to estimate the damage associated with each wave height and to determine the 
most economic design on the basis of the latter. 
«<If this viewpoint 1 is accepted, damage must not be assessed on an absolute - 


been. accepted a as s being permissible, 
_The terms “minor failure” or “substantial damage” have no meaning unless” 
the damage they refer to is compared with the damage that was expected and 
that economic considerations made acceptable. 
‘The concept of calculated risk appears to be particularly important and 
ought to be used much more widely, wes 
oe though this concept was not applied fully at Kahului, because no computa- 
oo were made beforehand, it seemed that some emphasis had to be laid on | 
e basis on which the designs for the repair work were developed. =~ 
bas ‘The Use of Tribars. -—The author’s analysis of the first project involving | 
‘  Tribars gives rise to further questions insofar as economic problems are 
% associated with the purely technical problems arising in the laboratory and on 


be possible to do this if, in addition to the figures tabulated in his paper, the Bs 7 

author were to give some additional details. 

_ Economic data.—It would be interesting to know the actual cost of repairing — 7 

the breakwater heads the straight section of the breakwater. It. appears 
* that the original design was modified as follows during construction: cect 


1. the end slope was made flatter; 
_tribars were used to replace ‘stone removed to. 
3. some of the tribars were reinforced; and = 
4, only one layer of tribars was used on the straight gortan s of the break- q 


cases might be derived from data provided by the Nawiliwili project. It 


water instead of two _— because of the shallow water. 

Technical data.—In Fig. 13, the tetrapod armor layer has been wrapped 


around the breakwater head whereas in Fig. 12 the tribar armor layer covers 4 
; : the stone on the harbor side of the breakwater was ; sufficiently stable? Will it .| 1 
be possible to use a single layer of nested tribars on the type of breakwater a -_ 
normally encountered, that is, breakwaters on which the armor layer has to 
taken much further below water level than at Nawiliwili? 
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[DESCUSSION 


After several tests had been carried out on full-size up to 16 
= weight, Messrs Daniel, Chapus and Dhaille!5 concluded that reinforcement 

of precast concrete components of this type, unless very heavy eee 
is used, gives a false impression of security because both reinforced and un un- 

_ reinforced components break under exactly the same shock conditions, the 
only difference being that reinforced components do not fall apart. Corrosion s 
resulting from exposure to sea water rapidly nullifies any safety factor that 

preceding are particularly important when dealing with 

aA single layer of tribars. According to the figure cited by the author, it appears 
that the stability of the whole layer depends mainly on the tribars being nested 
_ together efficiently . If breakage of components reduces their nesting capacity, - 


- Do systematic tests with tribars bear out this assumption as to what takes 


place when breakage of reinforced or unreinforced tribars occurs? 
It is: probably worth while recording that the author’s comparison be- 
tw 
re 


a tical nature. The necessity of determining the optimum profile of a mari- 
4 time structure for each given particular case is the important point to con- 4 
sider. There are many examples16. to show that this optimum profile depends 

ona multiplicity of factors that may require several major modifications to - 
be made to the theoretical profile determined from general systematic scale 
model test results. Such modifications might not always be the same for all 
different facing block shapes. 
y Conclusions. _—The very large number of problems associated with break- 
waters is further added to with the introduction of new devices such as today’s 
tribar andthe ten year oldtetrapod. 


a Tetrapods h have become standard practice | one offer no surprises for those 
_ who use them properly. Ten years of experience and the several hundred thou-— 4 
sand tetrapods used all over the World are adequate proof of their reliability 
_ because the cost of breakwaters, their economic consequences and their effect 


tion that "you can’t built it too strong,” he says “Economical breakwaters will 
_ be built” strong enough “when criteria for all aspects of design are developed, 


No. 3, September. 1960, 
16 Ibid., Figs, 10 and 11, 


een various types of facing block can only be of a fairly artificial theo- a aa 
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tis thereiore possible to agree with the author when answering the asser- 
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OF MAXIMUM PRACTICAL BERTH OCCUPANCY | 


Closure by ‘Thomas ‘Fratar, Alvin S. Goodman ont. E. Brant, 


THOMAS J. -FRATAR10 F. ASCE, ALVIN S. GOODMAN,11 ASCE, 
AUSTIN E. BRANT, JR.,12 A. M. ASCE.—Mr. Hill’s thoughful discussion of the _ 
application of probability theory to berth occupancy at Hampton Roads brings — 
out some important concepts that are implicitin the theory, = 
a Mr. Hill notes that the Poisson Law applies only 1 when the assumption can | 
be made that all the available vessel berths in a group of berths are equally 
attractive to all shippers. This is certainly true where vessel berths are 
_ leased on an individual basis to a terminal operator (that may be a shipping» 
ane, a stevedoring company, a ‘railroad, or the like), because the opera-_ 7 


berth. Ul ‘Under this condition, the attractiveness of a vessel berth is is measured aon 
the cost to the user, or the cost of handling | cargo at the berth, 
ata a port in which all vessel berths are actually operated by a port-wide 
agency, the cost tothe user of aterminal will probably be the same regardless: : 
_ of the efficiency and operating capacity | y of individual berths. ‘Under this condi-_ 
tion, if all berths in a port are located within the same general area and have 
- accessibility to railroads and highways serving all parts of the port’s 
area, the ‘operational _characteristics of all berths need not be the 
utilization. In other words, the most 
: “efficient berth in a group of berths could be operationally scheduled to — 
& much greater proportion of the total commerce of the group than the least 
efficient berth. Considering the group as a whole, however, the over-all per- 
formance could be predicted by the Poisson Law. 
specific application to Hampton Roads, where berths are located 


_ connections, terminals in all sections of the port must be made equally efficient a 


to be equally attractive to shippers. This illustrates the advantage of imporving - 


the: least efficient berths to the level | of the more efficient ones as the first 
step in a portwide development program. 
With respect to Mr. Hill’s comment that Newport News and Norfolk s should 7 
be considered as separate ports, _ it should be noted that the application of the - 
_ Poisson Law shows that two independent sets of berths have a much lower 
‘Operating capacity than the combined group. For example, two groups of six — 
berths each have a maximum practical occupancy of 53%, whereas a — 


June 1960 Thomas J, Fratar, Alvin S. Goodman, and Austin E, Jr. (Pree. 
Partner, Tippetts-Abbett- -McCarthy-Stratton, New York, N, 
_ 11 proj, Engr., Tippetts-Abbett-McCarthy-Stratton, New York, N. Y. 
= Engr., Tippetts-Abbett-McCarthy-Stratton, New York, N. Y - 


tor is interested principally in the efficiency and operating capacity of his a - 
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TETRAPODS AND OTHER PRECAST BLOCKS FOR BREAKWATERS? 


for designing the blocks to ro during manufacture, p plac- 
and during the disturbances due to gales and sO forth. 


2 “ae the Stabit, the Tribar, the Hollowblock, and the Tetrapod, the least 
_ vulnerable , from a point of view of damage, is the Tetrapod, and the most 
stable, the Hollowblock. Even so, the Tetrapod is liable to break if what the - 

_ writer has witnessed during a gale in May, 1959, at Porbandar is a criterion. — 
Five to 10 ton slabs of rock were ripped off the faulty bed in the breakwaters _ 
area of the open Arabian Coast and hurled up the beach. -Hollowblocks would 


e more stable but also liable to break. 


~~ Considering the precedings, the writer would submit to the authors hs ff 


for the of a block and hollow- 


than be | ‘rounded toa further length of 18 each leaving the solid 
to rest on any of the four faces that would be a regular hexagon, 1/3 x' side. -. 
Round off the four edges. Provide avoidof the shape of the tetrapod inside the 
solid, the hollows sticking out at the centers of the hexagons with an end dia-_ 
‘meter of 0.2 x'. That will be the proposed wave-breaker block. paul 

The advantages are: Easy lifting by slinging through the holes in the 
block, 2. Better stability after positioning, 3. Better dissipation of the force ‘4 
of breakers by the outside streams of water criss-crossing the rounded voids 
between blocks and by the streams inside the blocks nullifying each other and — 


dropping down by gravity through the bottom-most holes, 4. less liable 


to break than the four types illustrated by the authors, 5. More ea easily manu- 

_ factured by using deflatable tetrapod forms for the hollows in the blocks | : 


authors have stated that the breakwaters at Genoa complied with modern design 


4 September 1960, P, Danel, E, Chapus and R, Dhaille (Proc, Paper 2590), 
15 Senior Civ, Engr., -M-S Gammon India (P) Ltd., Hamilton House, Ballard Estate, 7 
16 Dir., Central Water and Power Research Sta,, Poona, India. 
: 17 Dy. Dir. (SG), Central Water and Power Research Sta., Poona, India. 
Research Officer, Central Water Power Research Sta., Poona, india, 
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Discussion by T. P. Anantram 
| 
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 gtandare and have: up the: storm of 1955 without damage. . 
> (4 the modern standard methods, the depth at the toe of the vertical face should © 
have been 4 times the height of maximum waves allowing for a factor of safety 
of 2 to 2.5. In this particular case, namely outer breakwater of a recent con- — 4 
struction, the depth was only 10.5 m at the base of the vertical face even be 
though the wave heights as high as 5 m were already observed at the site. | 
Detailed computation were also made to test the stability of this breakwater | _ 
according: to prevalent modern standard practices. This revealed that the - 
breakwater was and did not comply withthe modern design 


for Crescent City the authors have stated that 25 ton tetrapods :; as ; recommend- a 
ed by them were a little less in weight than given by the general curves. 
According to the curves given in a paper by the senior author 19 the weight of 
tetrapods required on a slope of 1 1/2:1 for a wave height of 26 ft, even for a 
poor stability curve, works out to be slightly less than the one recommended 
_ by the authors. The authors have also given curves for “fairly good,” “good,” 

and “ very good” stability. The difference in weights of tetrapods required for _ 
very good stability comes to as much as two times. Will the authors 
_ make it clear as to what is the percentage loss of tetrapods allowed for various 7 
_ stability curves? It is believed, the percentage loss is worked out with respect — 
to number of tetrapods in the armour layer. It is also not understood why the 
? tests were carried out with a profile quite different from that existing at the — 
site. It may be pointed out that in the case of theoretical test profile depth at 
the structure was higher than that actually existing at the site. 
Regarding the tetrapods suggested for the Marine Drive Sea Wall at Bombay, 
the authors carried | out tests with 4 a theoretical profile, significantly renee 


a: depths at the toe of the breakwater even at high water would not work out 

to be more than 6 ft, thus preventing the initial breaking of waves of iota 

 Ithas been s stated by | the authors that to suppress the overtopping of the sea-_ 

wall at ‘Marine Drive, size were recommended. During the 


19 Proceedings, Coastal Cont. on Coastal ‘Engrg., October, 1953, 390, 
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PER BRUUN. _The author wrote that the Shark ‘River Inlet, although 


— 


dredged to 20 ft depth apparent’ © by- -passes some material naturally. It does — 
not appear, however, that an. considerable quantity of sand by-passed by 
‘natural processes reaches the downdrift shore until it has moved northward © 
a number of miles from the Inlet. Considering a tidal prism of about 4.7 x 18 4 
cu yd, a mean sea level gorge area A of about 600 sq yd, an annual amount of om 
littoral | ‘drift: M of about 265, ,000 cu yd based on 


ABLE 2.—INLET STABILITY 


108 cu yd 


about 600 cu yd 


265 x x 103 yd per yr 


than the total z amount of northward ard drift balance that may may exceed | 300,000 cu yd), 
maximum discharge | per second during spring tide conditions based on tidal — 


hydraulic computations, Qm = about 600 cu yd, the inlet stability characteris- | 'q 
50 th listed in Table 2 are obtained. The /M ratio = 18 is far below the value of 7 q 


that hes a sianilar importance. 4 The eae ratio is about 450 and inlets with 
M/Qmax > 200 to 300 all have a predominant “bar by-passing.” So, the author’s 4 
conclusion | regarding bar by- -passing as the only possible by-passing method 
seems to be correct. No definite distance for the return of the possible by- 
passed material to the downdrift beach is indicated, but “a ny number 0 of miles” 
seems to mean 3 miles to 4 miles. 

In this respect it is interesting to compare certain Shark River Inlet data 

_ with data from the Ft. Pierce Inlet on the Florida East Coast. Table 3 lists 

such data that are supposed to have asimilar degree of accuracy as Mr. Angas’ 


September 1960, by W. Mack Angas (Proc. Paper 2599), > 
Head, Coastal Engrg. Lab,, Univ, of Florida, Gainesville, Fla, 
_ 4 “Stability of Coastal Inlets,” by P. Bruun and F, Gerritsen, North Holland Publish- 
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. : based on Table 2, it is surprising that the Shark River Inlet is able to by- -pass 7 
c any material at all with a channel dredged to 20 ft depth. It is possible that the 
special entrance—configuration with the long updrift and the short downdrift 
: ; ne _ jetty is helpful in this respect as it undoubtedly is at Ft. Pierce. Ebb-currents 
at Shark River Inlet will tend to run NE; and wave action from SE perhaps to- 7 
a = with the northward component of the ebb-currents may cause some bot- some bot- 


TABLE 3. SHARK RIVER INLET AND FT. ‘PIERCE INLET CHARACTERIST ICS 


| 


Depth of inlet entrance 30 ft (actual maxi- 


L f jetty d drift 625 ft (1200 ft 


— = 


250,000 cu yd 


ik ,000 cu yd 125,000 cu yd 


(es ated based on sur- 


68 


Qmax 


a “Coastal Study of Ft. ‘Pierce Beach,” Coastal Engrg. Staff aff, Univ. Lot 
= Florida, Gainesville, Fla., Vol. XII, No.9, 1958, 


is also in action at Ft. Pierce, at the Vistula River entrance 
Poland, at “Thorsminde, Denmark, and it is discussed for an improvement of — ; 
-Scheveningen, Holland. It may perhaps inamore e complex w: way also be working - 
at the harbor entrance in Golden Gate, California and at Aveiro, Portugal. lh : 
the case of the latter a sandbar onthe — side seems to mall 
as station for by- passed material. 


From Table 3, it is seen that the Ft.Pierce Inlet, due to its ample tidal flow 
aes a ‘ compared with the annual amount of littoral drift and probably also due to the — 
et tock shape of its inlet entrance that in fact is similar to the entrance of the Shark : 7 
iv n et ono und ft. sh ter downdrift i tty) j eto transfer out h = 
le 
q 
ue 

+ 
| Quantity of drift by-passed 
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trestle, dragline, and truck-practi: 


DISCUSSION 


- author F, B. ‘Cogan® sand removed had nie a a negligible an amount of fine mate- 
rial, for which reason it is anticipated that refill will have a relatively long — 

_ life when compared to normal hydraulic beach fill from a a borrow area in the | 
pa bay, Mr. Angas said: “It has been the experience of the State that 
= 25% of a beach fill made by hydraulic methods is quickly lost.” This is 

_ probably fair statement. Our experience in Florida at this time is similar and 


spuds 
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Sheet of durable cloth 
material stabled down 


= 4 FIG. 19.—BEACH PROTECTION BY CLOTH SHEETS 
in order to increase our problems it seems to be more and ce ee difficult -. 
¥ find suitable sand for beach nourishment partly because so much sand is being 
used for bay-fills. Many bays and lagoons simply do not contain good fir 


but ample of the so-called “Hawthorne formation” that is 


— 
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a mixture of sand, silt, andshell. Ithas b 
_ Clearwater Bay area on ‘the Gulf Coast and in the Palm Beach and chavo sf 
: Beach areas on the lower East Coast. Incertain cases we may have to be satis- -_s 
i. fied although it is known beforehand that about 1/3 of the material placed will 
be lost immediately after the fill operation. For this reason it may be econom- 
_ ically advantageous to truck in suitable fill from landward sources located | 


. several miles away even if the price may be 50% higher than hydraulic fill © 


from 2,000 to 5,000 ft borrow areas. From the Florida East Coast there is 
an example of a unit price of $0.76 based on 5 miles trucking distance. In the — 


Y OF NYLON SHEETS F 


case of the Shark River project that was based on a modest quantity of sand, — 
economical than hy- 


example, inthe case 


of the Santa Monica Bay project where in 1947 through 1948 15,000,000 cu yd 
_ of sand was dumped on 6 miles of beach for a unit price of 22.6¢per cu yd it 
_ is without discussion that hydraulic transport will always prove to be cheapest. 7 
Right now (1961) a pump and trestle arrangement is under discussion for the 7 
i Island Inlet, Long Island. It was earlier su ench Neyrpic © 
Cotonou in Africa, 
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‘The next question is whether the Shark River Inlet by-passing arrangement | 
will prove adequate for the future. Mr. Angas does not go into details of that ; 
problem, It may prove adequate when considered as a short-range plan, but 
long-range it is difficult to imagine that it will be sufficient considering partly _ 
the slightly rising sea level and particularly the inevitable loss of material — : 
to the offshore bottom . Generally speaking it may be said that by-passing is r 

i but it is not enough, This comes out clearly in several surveys men- i ‘ 


tioned in House Documents of recent date by the U. S. Corps of Engineers. 


Extra supply of sand may be secured by mining either landward (as in Califor-— 
i nia at Santa Monica) or seaward, In the case of the latter the shallow ) water 
ae or perhaps the Texas tower dredge (Fig 18) relying on offshore shoals - 
; ps Bos the first step, the submerged dredge or pumping plant the next. But, | 
perhaps other and not very conservative measures of reinforcing the beach | 


_ : ® the grand scale will have to be sought. Fig. 19 shows a beach that has been © 
. protected against extreme erosion caused by severe storms by putting a sand > 
‘tight c cloth down in it. Such experiments onbeach reinforcement are now under- 

_ way on the Danish North Sea Coast at Thyboroen Inlet based on Dutch nylon | 
_ sheets used as bottom protection at tidal gaps | (Fig. 20). In Florida similar 
experiments are being conducted that are based on plastic sheets a 
a down in the beach by fiberglass staples. -Attimes of extreme storms material 
“available on the beach” may be washed out in deep water from which it would © 
never return to nourish the beach. If it was not available the situation may be 
different. it may be possible to replace” some of Mr. Angas’ coarse sand of 
excellent quality by sheets of resistant cloth material nailed down in the beach — 
and nearshore offshore bottom. BR 
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Discussion by T. M. Dick 


"DICK. the latter part of the paper the author uses Taylor’s 
equation to. obtain the discharge of air necessary to obtain a given 

The writer carried out : some model -experiments® at Queen’s 3; University, 
Kingston, and found that Taylor’s equation rather overestimates the 


The empirical found in the author’ ’ssymbolsis, 


As shown by Eq. 29, the is of the depth of 
b 7 of the” perforated pipe. However, the discharge of water was found to vary ge 
linearly with the depth and can be expressed the 
Ag = 0.3 hg (vg) 
a This is the same as Eq. 28 except that the coefficient 0. 71 has been od 


In his conclusions, the author mentions that he anticipates that little 
will arise from sediment depositing at the pneumatic barrier. However, in the 
_ same model investigation mentioned previously, the writer made a few pre- 


os liminary experiments to determine the possibility of using a screen of air — 


_ bubbles to inhibit the entrance of silt and sand into a harbour. Powdered coal — 
- was used in the tests and it was found that two banks of material were built — 
up, one on each side of the perforated pipe. In general, the effect of the air 
screen is to throw material into suspension and this is amplified when waves” 
Once in we the sediment is carried outwards by the surface currents 
and then begins to fall through the water. Where the sediment will eventually 
aan Se... probably depends largely on the fall velocity and the degree of —_— 
: _ bulence in the water. One must be careful here when trying to apply the results 
P of model tests to nature as the -similitude is not well defined or known. ; 


— 


_ However,itmay prove that in many cases in nature, the bottom sediment 
may be heavy enough to cause a bar to form on each side of the pipe. In the 


salt water, flocs that would be heavy enough to settle out may also augment > 
_the bar deposits. This bar of course could: form even if the pneumatic barrier 


is ont re) erated duri slack river flow. 
1960, by | Ian Larsen (Proc, Paper 2600), 


@ Dept. of Civ, Engrg., Queen’s Univ., Kingston, Ontario, 
6 «a Laboratory Study of Pneumatic Breakwaters, ” by T. M. Dick and A, Brebner, | 
E, Report No, 12, July, 1960, Civ, Engrg. Dept., Queen’s Univ. at 
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7 = asthe: ene author recommends model studies to to study the usefulness of the 
pneumatic: barrier in reducing salt infiltration in tidal estuaries. =e ae 


an air stream in water, to the prototype cannot be relied on. If the author i 
"information to the contrary, the writer would be very pleased $0 to 1 learn more — 
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"Discussion by Pe Per Bruun 


BRUUN. 2_ —Mr. Hansen’s very well-written paper is interesting in 
_ particular because it | tells a story, between the | lines, of how things can be > 
planned when a failure results and next explains how a failure can be improved 
by using artillery | so heavy tha that one is tempted to think of less caliber solu- 
in 1957 an ‘an inlet : was completed on on the littoral drift shore in question il 
_ about a 300,000 cu yd per yr northward balance drift. The paper classi- 
fies the inlet as “al tidal inlet” although the tidal part of the water current — 
apparently plays asmaller role only. The inlet completed in 1957 was supposed — 
to be protected against the sand drift but the design of jetties was permeable — 
with top elevation +5 ft above M. L. Ww. at a place at which wave heights of 5 ft 
or r more are rather common, ‘The blocks were placed on a bottom that, in 
places, only consisted of a thin layer of sand resting on soft layers deposited _ 
in the bay ata time: when the barrier was further eastward. Apparently it was. 
“ ‘realized that some sand would pass through the jetties, but it was hoped that : j 
this sand would be flushed away by theinlet currents. Meanwhile with a 100 ft | ie 
_ (bottom width) by 10 ft deep bay channel that was supposed to be stable (this 
means that the maximum velocity had to be below 3 ft/per sec) the current in 7 
‘ee dredged 250 ft wide 16 ft deep channel would normally be < 1 ft/per sec. 
‘With such low goed very |] little flushing ability vantages be expected. The author > 
stated that “in N 
heavy seas and severe settlement of the. jetties, “Scouring ‘currents washed 
away material at the inner ends ofthe jetties and resulted in shoreline reces- 7 
‘sion sufficient to flank both 1 jetties. With the effectiveness of the jetties de- 
stroyed, extensive  shoaling c occurred. . ? Itis believed that it is fair to state _ 
b said storm only accelerated the deterioration ofthe inlet entrance because 
with 50% permeability jetties a balance drift of 3000,000 cu yd (M) anda maxi- 
mum discharge under normal weather and flow conditions of probably . maximum 7 
g cu yd per sec to 120 cu yd per sec (Qm), the inlet most likely would not — 
have lasted very long anyhow. ItsQm/M ratio would be less than 10-8 and to 
- obtain a reasonable stability? it ought to be > 10 x - 10-3. The M/Qm ratio is _ 
as high as about 3,000 or more and already with a M/Qm ratio of 200 to 300 
‘material would tend to by- -pass theinletona shoal or bar outside the entrance 
Father than by action of tidal flow. 3,4 With these figures in mind the inlet must 4 


_ September 1960, by E. A. Hansen (Proc. Paper 2601). 
2 Head, Coastal Engrg. Lab., Univ. of Florida, Gainesville, 

3 Stability of Coastal Inlets, , by P, Bruun and F, Gerritsen, North tea ial -“s 
“Natural By- Passing of Sand at Coastal Inlets,” by P, Bruun and F. Gerritsen, w. 
4, December, 1959, 
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be classified: rather as a nonscouring 1g channel (of San. type) or as a 
entrance than as a tidal inlet. Mr. Hansen, in the name of justice, clearly 
_ states that the tetrapod design had no responsibility whatsoever | for the mishap. 
A special block very effective for energy destruction and very stable in a rub-— 
ble mound was used in a misunderstood way for an inadequate design. 
ra The Federal project now under construction | (1961) includes two jetties” a 
7 of almost equal length about 2,300 ft. The bay channel is 14 ft deep at M.L.W. | 
- but all other channel dimensions are the same as with the first project. Due 
_ to the increased cross-sectional area of the bay channel current velocities in| 


the channel part of the entrance area may exceed one ft per sec. Although _ 
e —— ability thereby will be somewhat improved, the inlet currents cannot — 
be expected to be able to keep the inlet free of deposits and strong onshore : 
i storms with 3 ft to 4 ft ocean tides may cause - scouring currents as well ; as 
_ deposits in the bay channel. As mentioned by the author, the existing channel 
a has been subject to a considerable shoaling. In the future scouring and mean- 
_ dering currents will be infrequent but regardless of this the channel may pre- 
_ sent a material trap. Although the lagoon isvery shallow, waves from the NW 
by and N willbe afew feet thigh during ‘strong winds blowing lengthwise in the open _ 
_ The existing spoil banks along the bay channel bear witness of such _ 
_ Wave activity. In as much as the bay channel between Port Mansfield and the © 
‘Gulf is 10 miles long, it seems to be a large and uneconomic undertaking to 
protect the channel from shoaling (that amounted to 300,000 cu yd per yr in al 
critical 1957 to 1960 period). Nevertheless, it may prove desirable to consider > 
7 use of spoil from maintenance dredging for construction of (stabilized) _ te 
spoil banks to protect the most st sensitive parts of the channel from functioning — 
as material traps. There is another place at which a . stabilization of the inlet | 
; channel may prove desirable in the near future and this is the shoreline area 
‘between the main jetties, at which a couple of smaller jetties inside the outer 
jetties (telescope arrangement) may prove practical rather than leaving this 7 
* free to nature’s pleasure. From Fig. 7 it is seen that the channel at that — 
point is. supposed to narrow its bottom width from 250 ft to 100 ft. This will 
- cause some local littoral drift bayward that may prove to be of such nuisance 
_ that it will be best to check it with a couple of small (inexpensive) sand trapping 
: _ jetties or groins. Similar arrangements will be found at various places on the 


Mr. Hansen willed at “at the end of 10 y years, following completion of a 
jetties, _ the littoral drift would have filled the south jetty and started moving | 
_ around the end of the jetty. The materials would then either be moved shore- 


po scl ‘Regardless of the length of the jetties sand accumulation can 

be expected particularly just inside the extreme end of the jetties, preferably 

_ the south jetty. The assymetrical location of the inlet channel ( closest to the : 
North side) is an advantage in this respect. There will probably alsobea 
_ tendency to formation of a bar in front of the inlet entrance. The material for 
- such shoal will be derived partly from rip currents that will run out along the 
_ jetties and partly by shoreward material creep on the ocean floor caused by 

the assymetrical water movement in the shallow water waves. . Such material 
a will: usually return to sea in rip currents. In this case, part of it. may be re- 


| 

— 

aid Ne naviga Channel, be moved SseaWara and lost, OF D 

moved north across the entrance where it would not affect the project.” Inas- 

| 
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in the offshore bottom, How aeatent this tendency will prove to be remains 
to be seen but from wave data compiled by the Beach Erosion Board for this — 
: part of the Gulf of Mexico it seems as deep water waves of 6 ft or more may 
“occur at least 200 hr per yr and their effect will be as previously described. 
The situation is probably to some extent comparable to the situation at Shark 
"River Inlet at New Jersey®, that seems to be bothered by a drift quantity of a 
> 265,000 cu yd per yr partly on its updrift (South) side which is peovided 
with a 950 ft jetty and partly in its 20 ft navigation channel which has to be 
_ Therefore trouble with deposits may show up immediately after completion | : 
The author stated that “a relatively impervious and sand-tight jetty ore 
quired to _ prevent the passage of littoral drift. ” Comparing the jetties now — 
under construction with the initial tetrapod jetties, one may get the impression | 
ng the requirement of sand-tightness certainly has beentaken seriously this — 
time. A sand grain in order to pass through from ocean to inlet through the | 
| jetties would have to take an average trip of about 100 ft through a rock jetty - 
- built up of various layers” and with a good core with little voids. Most ah The 


it may even be asked: Is it necessary to make them that heavy? In this respect : 
_ two factors should be considered. One is the apparent desirability of avoiding — 
- too concentrated loads on the rather soft bottom and the other is the general _ 
- maintenance problem. Padre Island is not a place at which one can run out | 
_ every day to supplement or correct; yet it may still be asked: would’t a lighter 
design, for example, a 16 ft wide stone crib with a permanent trestle consisting ’ 
" of prestressed concrete king-piles spaced about 3 ft apart and provided with — 
- 3 a sand-tight wall on one side (or perhaps with asphalt grouting) suffice, a 
eat for the parts of the jetties inside the 10 ft to 12 ft depth contour. In such 
a case a tetrapod rubble mound resting on plastic or nylon cloth material to 
avoid bottom scour may prove the most economical solution. Although the az 
: author says that it will be very difficult to recover the tetrapods already in, : 
L _ they” may still serve as bottom layer or a kind of foot protection for the next 
layers. Such crib or “permanent trestle” design is usually less expensive than 
s comparable all-rubble mound jetty. It only h holds 40% to 50% of the quantity 
== for an all-rock design. It is easy to maintain and because of the 
application of prestressed concrete and creosoted wood for the upper part it 
ao is. very durable although not everlasting as a granite jetty. Such stone crib- 


was: preferred by the State Road Department of Florida at Longboat Pass, ; 
“Florida | 
_ ‘The predicted influence of the inlet onthe material balance on Padre Island — 
_ makes a Floridian feel the cold water running down his neck, but being in Texas | 
and not in Florida and the expected shoreline recession on the downdrift (north) 
" side that in its peak apparently is estimated to be of the order up to 50 ft per 
will not similar real estate ‘consequences as would in Florida 


oa a ference with the bottom creep may, therefore, rather result in a stunted bar - q a 
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_ _ § Shark River Inlet Sand By-Passing Project by W. Mack Angas, WW 3, September, og 


1961 


is unlikely that the would ever approve a Padre 
Island Inlet without an obligation of full by-passing. Because of the relatively _ 
* unimportance(with re: reference to property value) of Padre Island no reason has Bic 
tj been seen to offer such arrangement much thought at this time. But perhaps 
%, the inclusion of a “gate” (an opening) in the southern jetty leaving a future 
ie passage from the inlet to the accumulation area could have been considered. 
4 Such gate was recently suggested for the Boca Raton Inlet in the SE coast of 
Florida and is also under consideration for anew barrier inlet in West Florida. | 
_ One thing seems to be important at Padre Island at this time and it is to let 
if the wind blow all the sard it can from the ocean side to the bay side thereby 
moving the barrierbayward. 
= "i 2 Summarizing the preceding remarks to Mr. Hansen’s very detailed and 
fee thorough article, it may be said that a reader of the paper may get the impres-_ 
7 sion that because too many errors were made initially, this time we will cer- — 
tainly do things well. The question is whether all the bugs are out, The answer 
a probably is that most of the big ones are out but a few | more may still remain. 
rig The writer regrets that in this country, contrary to the practice at almost any © 
er other place, there is a reluctance when it comes to model experiments with | 
ie engineering projects on sandy coasts. Some engineers have the opinion this is" 
e not necessary, and enough about this is known beforehand, but they always seem 


to be representatives of the least practical experience. = 


can hardly be overrestimated, Studies of flow distribution i in the inlet will as- ed 
sure that the inlet, the bay: channel, and the protective jetties get the best and 
most stable configuration. The influence of the jetties on the longshore drift 
- can also be evaluated better ina model. Numerous experiments with tidal inlets © 
estuaries are at this time in progress in England, Holland, France, India, 


and experiments have proven thatitisa that the inlet 
i channel and its protective jetties shall always be straighlined. This problem — 
La% can also be looked into by model experiments the cost of which are so low 
_ (usually less than 1 per mile of the total construction cost) that there is hardly — 7 
a any justification for omitting them. ‘Then nexessary funds should be provided 


a more thorough planning. a. 
‘ 
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only very few in the United States. Atthe University of Florida, one study was 
eb completed at Gainesville, Florida in 1960 but three studies will be completed ia 
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DESIGN OF INLETS FOR TEXAS COASTAL FISHERIES? 


_GERRITSEN. 31_the complex nature of the problem attacked 
is evident if the following features are considered: 


Tides in the area are of the type e with a a wide variety in 


_& Each of the proposed passes, after “construction, w will cause a certain 
change of the tide characteristics in the bay. 
Pp _ 3. Due to variations in run-off the salinity of the t ey lien, according to oo 
“a the authors, varies from 1 ppt to 100 parts per thousand (ppt), in which ne . 
average salinity of the Gulf is about 35 ppt. 


_ 4, The area under consideration is occasionally hit by severe hurricanes 


4 
ox a realistic a had to m: make a 

The use of the hourly tidal differentials across the barrier island a 
4 to offer a “useful a a first approximation to analyze the tidal currents 


‘s@ hat will adversely affect stability conditions in the new in inlets. — 


_ use of those empirical relations should be limited to the ¢ case in which 

tidal area used in the formula is the actual area of of influence (up to to the tidal 

Ss As in the design procedure inlet velocities have been determined by use ‘use of 

_ the tidal differentials, the tidal prism could more e reliably hav have been n computed 
from | the velocities in the inlet directly, we 
' ~“h order to arrive at a design velocity for the ‘proposed inlets, the authors | 


have used Shields’ analysis for criticaltractive force representing that value 
of the e boundary shear between water and bottom (7c) at which the force of the 
P. on the particle just overcomes its resistance to motion. 6. Meanwhile ,the 
use of this value as a basis for design is actually tied to the assumptions of | 
“no sand transport” in the inlet channel. This can be seen from bed-load 
formulas, for example, as developed by Shields and others® in which the bed- 7 ry 
load transport is expressed as a function of (T - 
_ The use of this criterionis possibly justified in the design of atten 
sewers, as referred to by the authors, but for the design of tidal inlets it is 
most likely to give values for the inlet current that are too low to give stable | 


4 


* September 1960, by H. C. Innis and H. P. Carothers (Proc, Paper 2603), a 
Assoc. Prof., Coastal Engrg. Lab. of Florida, Gainesville, Fla. 
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\ ‘made to a — publication32 on this subject, in whichitis 
ES: that stable inlet conditions for 7 = 7. can un only be obtained if the supply _ 
of littoral drift to the inlet (AM) is zero. In case AM-—t! ~— a littotal | 
 drift—has a certain value inlet stability requires 
_ ae a design of an inlet is based on a too low value of the ae velocity, 


be expected to shoal it will present a sand trap. 


be metas larger than the values obtained in the first oreder computations. : 
The tidal differentials tend to increase under the influence of the newly con- ; 
structed inlet(s) so that this effect will counterbalance to a certain degree : 
the effects of a low value of the design velocity. _ ie 
_ The authors have recognized the importance ofa a Gult her : asa regulating 


Mechanism to the stability of atidalinlet. 


For a better understanding of the mechanism of transport, the following 


remarks maybehelpful: 


_ The dynamic balance is first of all governed by the total quantities of mate- 
_ rial transported through a ‘cross-section during a certain time, _ in both the 


2 ‘If Ng ind indicates the total pee of material transport through | the gorge, then 


the value of the integral Ng dt : or determines whether 


24 there is a transport in ebb or flood direction. 


flow, the stable inlet between the gorge and the Gulf bar 
be e expressed by the relation:32 


b Np dt = | Ng dt + AMt .. : 
in which AM; is the amount of material intercepted from the littoral drift 


The value of f Np at, the total amount ™ material that - transported across 
the bar, on of Ng AMt f 


order to of Np at dt Ned dt, , the velocity- time 


_ curve and the transport curve can be ‘determines by tidal computations ar and 


In most cases, however, a combination of currents and wave action is re- 


sponsible for the > transporting mechanism. 
Unfortunately, theoretical knowledge | on the transport. characteristics under 
™ combined influence of waves and currents is still very limited so that 
7 usually accurate results cannot be obtained by computation only. er 
Fer this. reason the writer is in full agreement with the conclusions of | 
the authors that for the final design of an inlet, a model study should always © 
- considered in order to arrive ata a higher degree of series inthe —- 
tion of the various parameters. 


“Stability of Coastal Inlets,” by ‘ 
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_ In this particular case the various proposed inlets could be considered in 


one model study whereby the boundary conditions in the model are adjusted 


for the characteristics of each particular inlet. 
ver 
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. ASCE, _The » low value of riparian sg improvement 


pee abated. The author’s account of this project is notable for rica hon = 
adaptations of cheap types of protection to a suitable reach of Russian River 
and is especially commendable for reporting partial failures and d corrective _ 


Failures are better teachers” than “successes this field. 
bi i analyzed, each failure discloses” something of the nature of the stream and - 
why a device or layout could not cope with the power of the stream. The > 
< rapidity or finality of failure Measures the deficiency of a first trial 

a guides" ecoriomical redesign for a second trial. On the other hand, successes 

q may have been very expensive a1 and nd wasteful, of the premium 


of distress and failure of cable-connected jacks and tetrahedrons installed 
ww the California a Division « of Highways. The cables had been designed enpir= 
_ ically, ‘guided by past performance and relative magnitudes of velocity and 
"drift. On loss, an attempt was made to Gagnose the deficiency as weakness nal 
cables or _ vulnerability of anchorages. cable weakness 


a The account of failure of barrier jacks ‘recalls c observations by the ne writer Zz 


- were so taut that they would hum when struck with a . hammer, Such tension . 7 
could not be fully explained by hydraulic forces impressed on drift-laden | 
In many such cases the tension could be ascribed to forces normal to a 4 
a “the cable. In a simplified example, consider three cable-connected jacks in a 
string along the bank, Initially set on the bed, they have become firmly pem-— 
bedded by subsidence or depositon. Now let the middle one be so undercut by 
7 local scour | that its outer legs subside, rotating the jack outward—a common 
* occurrence, . The incremental tension in the cables connecting this jack to its 
- neighbors may be 10 times, or even 100, times the normal force, One solution — 
. for this hazard is to attach anchor cables low on the back of the string near the _ 
probable rotation and to slacken all cables on the front of of 


R. ROBINSON ROWE,” 
_ in rural areas seldom w 
| justifies modest investment in lighter and cheaper types of bank protec- 
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The author’s barrier jacks were laid straight across 
ored_at_each end, so that normal hydraulic forces on t 
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- magnified at the anchorages. He rebuilt on a curve that reduced the magnifi-_ 
3 cation to 1.45 but added te to the length of the line, with apparent success. a 


‘River near Blythe in 1926, The string was kept straight bu but cabl cabled | to —— * 
drag anchors cast in the bed directly upstream. Fa 
: In citing that “the use of jacks for river stabilization is not poeta 
ow unique, ” the author need not have gone so far as the Rio Grande for his ex- _ 
ample. At least 30 California streams | could have been mentioned, notably — 
- the Eel, Pajaro, Salinas, San Benito, Santa Clara, Tule, and Van Dusen Rivers. an 
: Many of these are illustrated in a recent publication4 that discusses their 
‘= on channels and, ina general way, the forces acting on them, with con- 
clusions on their adaptations to retards 
—— _ By not similarly citing earlier use of flexible fence, the author may mis- 
lead some readers to infer originality of this type. _ The flexible fence was de- 
7 _ veloped in 1941 by H. E. Rowe and Walter Gerow for use by the Spreckels a 
- Sugar Company at several locations along the Salinas River, where it has 
served surprisingly well for 20 yr in spite of its 1 low cost and light-weight — 
construction. However the author must be commended for successfully trans-_ ‘a 
planting” the idea to a stream with much heavier drift and bed materials. 
 OTTOC, VON 1 SEGGERN, F. ASCE.—The paper is essentially a favorable 
* yr progress report onthe results of investigations, observations, and studies 
__ over the test period 1956 - 1960 on performance of channel works at demon- = 


The writer worked from 1944 ‘to 1946 and also on 
_ possible channel works on the Salinas and Pajaro Rivers (California) and then 4 
on the preparation of the original survey report during its formulative planning 
_ stages including plans for channel stabilization works for the authorized project — 
_ The need was recognized for the provision of a well organized program of 
initial construction, maintenance, observation of performance tests, and pro- 
gress reports at selected demonstration areas. This would be necessary in 
order to demonstrate the effectiveness of the plans for the proposed channel 


= Performance under flood conditions would dictate the remaining istrict 


continued tests channel stabilization feature would not have been 
in the project. However, neither would it have been practicable to have con- 


ducted such initial construction | and tests during the » preparation ¢ of the s survey 
-Feport; although the need was recognized at the time. Therefore, in order to 


“River Control in the Palo Verde le Valley,” by Spencer E, ‘Webb, Engineerin 


4 “Bank and Shore Protection in California Highway Practice,” by | N.R., ‘Bangert, R. 


_M, Carmany, R. R. Rowe, and P, R. Watson Jr., Calif. Div. of Hwys.,1960, 
_ 5 “gteel Rails for Bank Protection on Salinas River, ‘California, » by H .F. Cozzens, 7 


Bagineering, Engineering, Vol.16,p.114. | 
Senior Engr. W. S, Major Project Sect., Resources ‘Planning, Calif, ‘Dept. . of Water 


7 “Russian River, California,” House Document 585. ‘S8ist | Cong., 2nd Session, , May 17, 
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expedite the of plans for channel p: on the Russian River, 
prior to studying test sections, consideration was givento other channel works 

- developed on earlier investigations by observations of performance of existing 
works on the Salinas River from 1939 to 1946, as well as the Pajaro River 

_ before 1941. The types of channel works considered most suitable for the — 

_ Russian River conditions were selected. Minor modifications were made for _ 

¢ ‘ the survey report, with the provision that their effectiveness would be studied 4 ; 

under test conditions on the Russian River prior to being adapted for the en- 


There was ‘some yme degree of risk that | me as proposed in the eurvey 


works on the other two rivers and that extensive moaitications of the Russian 
a It was with these conclusions in mind that the author and other members _ 
of the. San Francisco Engineer District selected some of the most difficult | 
problem areas on the Russian River and constructed several types of channel s 
works as shown in the paper. Necessary observations and tests were then 
as authorized for demonstration purposes. 


ni because in the report of the last 4 yr of observations and tests, the 
results are favorable. This demonstrates again that the principle of using = 
type of | remedial works on a meandering river channel is correct. Well de- 
veloped plans may be transferred to other sites within reasonable limits, 
because the works designed and constructed on the Salinas River performed 
substantially as planned when constructed on the Russian River. It is reported, 
that with some minor modification of details, the test site plans would serve 
- 2 as the basis for the design of project construction plans for the remaining © 
4 fee the 100 miles of channel stabilization works on the Russian River. 
A) ee Apparently, the structural failure of the“ Barrier Jacks,” as described in . 
the paper and illustrated by Fig. 10 and Fig. 11, was due to a weak meuotares 


strates ‘that the forces that develop in the cable-channel type of channel work 
“ must be recognized and properly provided for in order to avoid failure. The © 
_ “Barrier Jacks” were used to form a permeable dike or dam, and as a result — 
at flood stage, the pressure against them would be similar to the pressure 
against any other type of dam 
+S Considerable information on the performance of channel works at several 
demonstration sites and the loading developed on the | cable-anchored types of 
channel works during flood stages were developed during the earlier investiga- — 


tion on the Salinas River. Parts of these Salinas River da data studies are pre- 


_ The initial channel works investigations were started in 1939 on the 90 
miles of main valley of the Salinas River from the mouth upstream to above 
San Ardo. _ These studies were conducted primarily to observe the perform- 
ance of the several parts of the channel and bank protection works that had 
7 ‘a During the time when the initial channel works investigations were nena 
in 1939, H. F. Cozzens, F. . ASCE, was the County Engineer and Road Commis-_ 

sioner of Monterey County. He had previous experience as the engineer for a @ 


Unpublished Appendix II, Field Surveys" Observations of Bank Protection and 
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1st Session, 1948, “Interim Flood Control Survey Report, Salinas 


‘Salinas and Pajaro Rivers and other county streams dating back to 1910, — 
a Mr. Cozzens has furnished information on the > construction, ae, 

and performance of most of the bank and channel works installed prior to the 
1914 and 1938 Reein. The bank and channel works prior to the 1914 flood con- 


that a large of these jetties was “washed out. and lost during the 

= 1914 flood. Shortly after this devastating flood the first line of “jacks” was — 

installed on the Salinas River, with very effective results. A few years later — 

the State Highway Department prepared plans for installing “tetrahedrans” 
_ with 30 ft steel rails. These were installed at the King City and Soledad Bridges 
and both projects performed very satisfactorily. During the period after the 


| i and other rivers in the county, installed bank and channel works at their ex-— 
pense, under the supervision of Mr. Cozzens as their engineer. About 20 pro- 


jects were installed which varied in length from 500 ft to 1.5 miles, A sub- 
iz stantial part of these works survived the 1938 flood. 


It was these surviving parts on which the initial channel works investiga- 
tions were started in 1939. ‘These works had been designed and 
earlier at the expense of the riparian owners. The per performance of these works 
= i - provided an excellent opportunity to make the needed observations and study 
of channel works. It is reported the damage to these earlier works and to bank r 
cutting or erosion amounted to nearly $300,000 during the 1938 flood that had 
_ a peak discharge of 75,000 sec-ft at the gage near Spreckels. The river chan- 
- nel within the main valley is wide and shallow with wide sand and gravel bars, , 
poorly defined, generally unstable banks, , and having a capacity that 
- from 20,000 cfs to 42,000 cfs. Over-bank flooding occurs throughout the reach. 
_ ‘The river meanders and much damage is due to loss of valuable crop land | a 
_ from bank cutting and erosion. 
_ The information in the first set of observation reports was used to initate 
_ correspondence with the offices of Chief of Engineers and the Waterways — 
Experiment Station, , with a view to possibly making some simulated scale 
- model tests in the hydraulic laboratories. This would expedite the observa- = 


tions of performance of the several most erste ata of channel training 


to carry large bed loads of material 


‘mae characteristic of the river 
it was concluded that — 


relatively low velocities in its meandering channels, 
simulated > model tests could not be made with any assurance of es 
_ reliable findings. Therefore, a program of continued observation of the _— 

: scale works at the selected sites over several seasons including above — -_ 


_ floods would be the only procedure that could be relied on for good test results. in 
7) One of the most outstanding demonstration sites is located on the right bank em 
_ of the Salinas River about 4 miles below King City near river mile 62. dl 
_ According to the river surveys, a stripof valuable sugar beet land, that aver- a r 
ages about 800 ft wide and nearly 10,000 ft long located between river mile — 
62.6 and 60.8 on the outside of the river bend, have been gradually lost to bank | a . 
erosion and the _ meandering ri river channel during the 30 yr since the first | 7 
‘In 1941 and 1942, plans for channel stabilization at this site and at other 7 
points on the iver to prevent further damages ' were developed jointly t by the 
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DISCUSSION 
pieniees in the ‘San Francisco Engineer District and the local engineers on n 
control for Monterey County and the Spreckels Sugar Company. Engineers © 
from the State Engineers Office, Division of Highways, and the Soil Conserva-_ 
the King City site, plans were developed for construction of the anchored 
 gteel jacks for bank protection and for a system of cable-anchored floating 7 oO 
training works. The plans were similar to those shown in Fig. 2. The channel © 
stabilization works at the King City site were constructed by the sugar company > 
at their expense during 1942 and 1943. They were essentially in accordance ~ 
with the joint plans except large timbers were used to frame the jacks. J 
_ Since then the works have been maintained, including the construction of | a 
_ pilot channels across the higher gravel bar area, by the sugar company. The 
—_— end of the eroding right back channel line was actually pushed back 
bl from 800 ft to 900 ft to the original 1912 channel position, during the first 
high water stage in 1944 shortly after the channel training works were con-_ 
structed. Subsequently, the upper half of the right bank channel line has pro- 
‘gressively shifted back to points paralleling the “bent chord” alignment of the 
channel training works that were located near the old 1912 bank line. From this 
point, the channel extends downstream towards the anchor end at river mile 
60.8. The bay area formed by the 1944 bank line and presently established bank 
line along the “bent chord” of the cable anchorage of the channel training works 
has been filled in by extensive silt deposits and supports a scattered growth of 
; It has been observed that after the channel training works are ‘installed, a 
a an ordinary meandering river will follow the “bent chord” lines of the training 
works and begin to establish a more natural well stabilized bank line. The 
* only vulnerable spots are the cable-anchor zones, in particular for the main 
cables, because the alignment of the “bent chord” cable is held in place 
Zz by the anchors at each end and by the intermediate cable-anchored lines across y- 5 
+The question of loading on the cable-anchored systems was a structural | a 
eet was solved by a series of loading tests on a full-scale a i 
loaded with a natural accumulation of river driftwood. This jack was tied to_ 
a cable and towed in still water at various speeds to represent the different 
7 velocities of normal stream flow from 2 2 fps to7 fps. The results results are shown 
ona figure presented elsewhere. 9 oF 


wi ‘Tension in n cable to jack, in 
— 


‘These loads were used to estimate the loading that would accumulate from 
a series of jacks in a cable- anchored channel training works under an initial 


loading based on 1938 flood conditions. 
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as cneeaane loads could exceed the range covered by the tests. It has been = 

= demonstrated that the effectiveness of the several types of bank — — 

and channel training works may be substantially increased by the construction 

of structurally competent anchor systems. Such systems may consist essenti- _ 

ally of either: (1) plans for bank anchored cables to which the jacks or other 

elements are securely attached, or (2) aplanfor which the anchors are tests 


_ buried in the stream channel below the river “bed flow” depths. Loading tests 
were conducted on a structural scale model of the channel training works for 
4 the King City demonstration site. These tests showed that the upstream anchor — _ 
i ‘points of the cable system at river mile 62.6 would be subjected to a maximum 
al tension load of 100 tons during the initial loading from a flood of the 1938 © 
_ Magnitude. . A peak discharge of 75,000 sec.-ft was reported on the Salinas 
River n near Spreckels in February, 1938. These tests also showed that the — 
intermediate cable anchor lines would be subjected to a maximum tension load 
of 33 tons during the initial loading, 
One of the other outstanding demons‘ration sites is located at river oe 
15.4, a short distance above the sugar reill at Spreckels. At this point, on the 


Fr 


soft silty” soil. Erosion had caused a short oxbow-type river bend that was 
= moving progressively downstream towards the sugar mill area by 1942. 
- Something had to be done to stop this bank erosion so the engineer for the 
sugar company, H. Rowe, designed and supervised the construction of a 
- section of the cable anchored “flexible fence, ” type of bank protection works. — 
- This is practically the same as shown by Section A-A, in Fig. 2. After the 
flood of 1944, the bottom of the fence was buried apparently to the depth of the _ 
river “bed flow” reached at flood stage that, in fact, prevented the river cur- | 
= rents from undercutting the works. The bank erosion was stopped at the fence ; 
; q line. The works were rebuilt by splicing out the post rails, moving the support- — 
ing outriggers back to their original position, and adding more anchor cables 
: and wire mesh, Since then a heavy volunteer growth of willows and brush has 
been established along the bank line and in the fence sections and —— 
danger the sugar mill has been removed. This bank protection 

accomplished without the use of channel training works to divert the main 
flow back to the original channels. = 
Another of the notable demonstration sites is located on the left bank of the — 
shin about 1/4 mile upstream from the Spreckels Bridge. The County of 
a Monterey constructed channel training works and a flexible-type bank pro- | 
_ tection fence at this site during January, 1945, to protect the nearby county © 
road from damage due to continued bank cutting. On February 3, 1945, the 
‘river reached its flood peak for the season and was overflowing its banks, 
From observations made during the flood stages, it was concluded that the 
von floating type of channel training works were very effective at this site in 
7 diverting the flows back into the regular channel alignment. In the intervening _ 
period no more land has been lost ir in this area, flows have been channelized, £ 
ee Another of the important demonstration sites is located on the right bank 
— directly u upstream from the Salinas River Highway Bridge at King ‘City. These — 
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os works consist of a — line of heavy cross-braced cable-anchored steel 4 
hedrons. These works were constructed during the summer of 1938 to protect 
7 : the state highway bridge > after much of the existing upstream bank works had : 
_ been lost during the February, 1938 flood. The river currents were endanger- 


ing the bridge approach by severely eroding and undercutting the bank im- : - 


_ mediately upstream from the bridge. Numerous observations were made on — 

the performance of these works and by May, 1944 or about 6 1/2 yr later, a full 
grown thicket of volunteer willows, cottonwoods, andother vegetation had taken 

root and firmly established itself around the steelframes with the wire mesh. ef 


fa and back to the base of the old eroded bank line of 1938. ‘Yetabasedl 
-yr “observation period from 1939 to 1945. The studies included several 
types: particularly, permeable jetties, flexible bank fence, wire mesh a - 
ment, steel tetrahedrons, jacks, and the use of these types in several cable 
“anchored systems, including the large wooden floating type cable- anchored 
_ The Salinas River is a meandering stream and at flood stage carries a _ 7 
; heavy load of light sandy silt and floating debris. All of the preceding types 7 
wa are more or less effective in collecting the floating debris and thereby 
assist — in retarding stream flow along the bank lines, and thus resulting in . 


root” in 1 the new “silt ‘deposits, ‘This results ina a structurally- anchored root 
: growth that increases the effectiveness of the works, unless undercut or 4g 
flanked by further cutting at the ends. The failures of these q 


or by loss to undercutting. These failures werc substantially reduced where _ 
_ well designed anchor cable systems had been constructed, and properly main- © 
tained. It was concluded from the ‘series of | observations and studies of the 
existing works and their performance at the several demonstration sites a 
the Salinas River that it would be possible to design, construct, and maintain = 
a feasible channel improvement plan. The studies indicated that more attention 
should be given to the possibilities of using the channel training works for a 
preventive or stabilizing purpose. This would gradually accomplisha 
change from the presently meandering river channel into a 


stable channel system. These works would naturally reduce the tendency for 
the formation of the egg erosive short “oxbow” type of river bends. — 


This discussion io ta order to give some information on n the 
problems and the indeterminates that surround the planning and design re- ; 
quired | for fully effective bank protection and channel training works on an 
_ ordinary meandering river channel. It is believed that Mr. Steinberg has also 2 

: a demonstrated how much care must be used in the testing and design for this 
type of specialized channel works. He has particularly pointed out the need 

¥ for utilization of well tested plans in designing and building flood ite need 

; works, It should be apparent that the plansfor construction of extensive chan- _ | 


nel works on a river should always include a program of Supporting t tests at 


demonstration sites at the most difficult ‘problem areas to assure insofar as 
possible satisfactory project performance. Considerable time is needed in : 
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PLANNING@ 
‘Discussion by Blair 
= 
: - BLAIR T. BOWER, 2 M. ASCE.—Two points should be raised about the ae 
: fit computations in Mr. Gomez’ s paper. The first relates to the unit benefit 
4 figure for deep draft traffic. ~The ‘second relates to the method of computing — 
a With respect to the unit benefit figure for deep | draft traffic, the “< cheapest | 


alternative means” for transporting the same commodities is not specified, 7 ] 


_ but the cost of this alternative is given as $3.17 per ton. It is not specified — 
but presumably this represents the weighted average of the rates charged the 
used or shipper, rather than the actual costs of shipping by the alternative _ 
means. From the standpoint | of society this is not the true alternative cost. 7 
From society’s point of view, it is only the difference between the costs of 
transport by water and the long-run out-of-pocket rail or truck costs teat 
should be counted as the benefit for the waterway project. . This is because the | 
difference between rail or truck rates and out-of-pocket costs represents the | 

_ portion of the system overhead that is contributed by the particular commodity. © 

& When the commodity is diverted to the waterway, system overhead obviously 
~ continues and the railroad or trucking firm either suffers a loss of income or 
; the rates onother products shipped by railor truck must be increased to ete 
—_ the loss. Thus, from society’s standpoint the unit net benefit would be the 
difference between the waterway cost and the long-run out-of-pocket cost of 
the alternative means of transport. The typical gap between rail rates and 
] 4 ~ out- of-pocket costs is on the order of 22-30%, according to Otto Eckstein. i 


- Assuming this gap to be 25% in the Sacramento Channel case, for the purpose 
- of illustration, then the unit benefit for deep draft cargo transport is $1.61 
per ton instead of $2.40 perton, 
_ The second point relates to the method of computing total project benefits 
a. “from navigation. Future traffic has been estimated over the 50 yr aan 
oe consideration. The benefits in any year of this period are simply the 
“number of tons” carried times the unit benefit per ton. However, in deriving 
- the _ average annual benefit for the project, the average traffic for the total 
= times the unit benefit is used. This implies that a dollar of a 
has the same value whether it accrues in the first year or in the forty-fifth 
- year. _ This ; in essence is assuming that $1.00 forty-five yr hence is equal to q 


a $1. .00 in the ‘present time, that is assuming an interest rate equal to zero. 


= 


q 


» 
& November 1960, by Amalio Gomez (Proc. Paper 2649), 
2 asst. Dir., “Meramec Basin Research Project, Washington | Univ., St. Louis, Mo, 
3 “Evaluation of Federal Expenditures for Water Resource Projects, ” by Otto Eck- _ 
stein, Congress Joint Economic Committee, Federal Expenditure Policy for Ec- 
onomic Growth and Stability, 85th Congr. ist § Session, November, 
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ieee zero interest rates generally do not exist in in the real world. Fu Future 


ee from an investment are discounted by some interest rate. ts 
Bas, If the benefits for each year were discounted back to the present using 
‘some discount factor, the present value of these benefits would be determined. | 
4 The present value could then be compared with | the t total of the first costs in | 
x order to provide an indication of the worth of the project. The present value — _ 
- of the navigation benefits has been computed by the writer. The assumptions 1 
_ involved are as follows: (1) the unit benefit for deep draft cargo is $1.61 per 
ton as derived previously; (2) the traffic in. any given future year, both for =. : 
_ deep draft and shallow draft, was determined from the data given by Mr. 
Gomez, assuming a straight line variation between the given points; (3) the 
= unit benefit figure for shallow draft cargo is $0.125 per ton, as given by } Mr. 

Gomez; and (4) the rate is 2 in accord with general Compe 

ge 

with these assumptions about $51,300, 000. ‘This ‘contrasts with 

$128, 000,000 implied in the data given by Mr. Gomez, that is, $2,560,000 per 
7 times 50 yr. Because no annual operation and maintenance costs were in- _ ’ 
_ cluded, comparison of the present value of benefits (benefits in each year 

minus the operation and maintenance costs for the year, discounted), with the in 

total first costs is not possible. However, the large difference between dis- 

counted benefits and undiscounted benefits suggests that the project may well 
be of dubious economic justification, even with the low 2 1/2% interest rate. 
Even using the $2.40 per ton unit benefit figure, the present value of the : 
navigation ber benefits for the 50 only about $70,300, 000. 
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Discussion by J. W. B. 


Ww. B. "BLACKMAN, 19 F. ASCE.—The enormous growth of the 


mated that $2,000, 000 was s spent on marinas, mooring facilities, ‘boats, ‘motors, 
repairs, fuel, trailers, and club houses. It is expected that a similar amount - 
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FIG, 11,—LOS ALAMITOS MARINA, LONG 1 BEACH, 


_ &® November 1960, by James W. Dunham (Proc. Paper 2658). — 


Cons, Engr., Long Beach, Calif. 
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Of concern to harbors on the Coast of California are 
_ the “gpa tidal waves caused mainly by earthquakes on the West coast 


; that stated, “about 7:00 a. m, on May 10, the tide being about 4 feet above low C 
; water, the sea began to rise and in 25 minutes rose ow 6.8 feet in ~~! five 


harbors of the California Coast, the prior referenced papers 2 are well oh 
and» as _ the author suggests, specialists should be consulted. 
ee On May 23, 1960, following the Chilean earthquake, the surface of the water 
in Long Beach Marina rose to 3.8 ft to 4.1 ft. (tide guage at Marina) One of _ 
these surges occurred at 4:54 P.M. Had this particular surge happened 3 hr 
later at the predicted high tide of 5.7 ft, it would have raised the surface of the _ 
: water to El. + 9.8. Low lying land in a residential area in the 1 vicinity of the 
"Marina would have been flooded. Fortunately no damage was done to the 
9 Marina or to any of the craft berthed therein. Considerable damage was done iy -_ 
to many small craft in the Cerritos Channel, that joins Long Beach Harbor to a. 


* Angeles Harbor. Two hundred and forty boats sought refuge in the Marina 


upon the suggestion of the U.S. Coast Guard. 
8 Not mentioned by the author is the importance, in some cases, of studying 
a a prospective Marina by building a model, ge 
Before design studies were commenced on the Long Beach Marina, the 
; = writer, recommended that funds | ‘be provided to build a model. A model was 
- built to a horizontal scale factor of 300 to 1. The vertical factor of 30 was 
selected, that gave a ratio of horizontal to vertical scales of 10. The operation 
7 of the model revealed interesting situations. ‘The overall currents in the en- 
_trance channel produced by tidal changes were substantially reduced by the 
: combined effect of widening and deepening; with the increased water area 
within Alamitos Bay, the result of this was a maximum of 0.62 knots, that 
7 a had little or no effect on small boat navigation. Protection from waves | 
generated © within the bay area was ‘materially assisted by the building of . 
at baffle wall, facing the water with the: maximum fetch. This was the most 


¥ 

As the studies proceeded, the shapes of the basins were selected after 
different shapes» had “discarded by a process of trial anderror. The 

= studies revealed that a satisfactory Plan could be made to protect small craft — 


7 Because the recently completed Long Beach Marina is now in full operation, _ 
with 1878 boats moored within its basins, a general description would be of — 

interest, as it amplifies successful design ‘practices in the author’s. 


Proceedings, U. S. Naval Inst, ‘Ma., Vol, 63, No. 6, No. 412, dune 


oe _ looked. The earliest Seiche of any magnitude was noted in Los Angeles Harbor , _ 
4 
| 
entrance channel, and the center of the access channel adjacent to the 
[am basins, and the movement within the basins, indicate a satisfactory change of _ al 
tna f {| water. It is estimated that nearly $2,000,000 was saved in the cost of building 7 
ae) tH _ the Marina by using data compiled from the model studies, as compared with  # 7m 
_ tentative lavout plans suggested by other agencies. Also 400,000 additional 


The entrance inet the Pacific Ocean to Alamitos Bay is 3300 ft 
te length, and lies between two rock mound jetties. The bottom width is be- 
tween 459 ft to 500 ft. Dredging from the Ocean landward, and finally connect 
ing with the Marina Stadium: the first 2000 ft was dredged to - 20 (the level of { 
the ocean floor at this point), thence to- 15 to basin No. 1, and to - 12 and - 10° 
in the stages basins, The perimeter of the basins is lined with a gravity 
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WAVE BARRIER 


WALL 


‘ment , the toe of which terminates at - 15, iia - 12. The writer does not favor ; 
the: use of steel sheet piling for bulkhead walls mentioned by the author. ‘The 
4 preventative measures to arrest oxidization are, in his opinion, too costly. .— 
> To prevent deterioration from exposure to sea water and sea air, every i 
endeavor was made to utilize the latest materials and methods" available that 
were resistant to disintegration or oxidation. 
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boats are » berthed i in Basin Ne 1near th the 
. ing” ramps for portable craft are located on T The Marine Stadium, some dis- 
tance from the moored boats. Two fuel barges ar are berthed in the m main channel, 
a safe distance from the boat basins. A boat repair yard equipped with two | 
mechanical hoists is conveniently located, and has a large area in the rear 
available for dry storage. Rest rooms are spaced at intervals along the peri- se 
‘ meter wall. A Club House has been erected by the local Yacht Club. ‘Electrical 
energy, telephone, and water are available. A fire station is situated in Basin 
i 1 and fire hydrants are set at close intervals. A locker box is provided for 
avery boat. Paved parking is provided for 2825 automobiles immediately be- _ 


hind» the respective basins. Landscaping added beauty to the Marina, 


Special features in ‘connection with the design and its construction are: 


The t building and operation of a model, 
2. 


The entire decking is floated on 6700 fiberglass-reinforced plastic a 
3. The te is well from large waves. 
4. The railing on top of the perimeter wall and all gangways are of 63ST 
yy 6. aluminum alloy, with 0.0015 in. anodized surfaced treatment. The top rail 
is 2 1/2 in. outside diameter and the middle rail is 2 in. outside diameter. _ 
- Financial. —The building of the Marina, the purchase of land, removal of 
five bridges, and of a railway track, _ dredging and the construction of jetties, 7 
were entirely financed from royalties received from the City of Long Beach _ a 
oil wells. Therefore, there should be no expense to the taxpayers, when all — 


fees from the fully occupied basins are ee. The cost of the Marina alone 
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GREAT VOLGA WATERWAY@ 


ROY F. BESSEY,!1 F, ASCE.—Mr “Kabelachas 4 engineering 
distinct and unusual service by presenting ¢ aview of of the engineering develop- 
ment of the Great Volga Waterway over the past 35 years. In the writers’ opin- 
ion it is are that more is known of Russian developments—both for 7 


“concept and for their progressive and often striking | engineering 
The imaginative and bold approach of Russian planning was impressed nl > 
‘the writer personally during a preliminary examination—begun inthe USSR in — ‘ 
1930, but ‘never carried through—of proposals. These proposals = 
a Mariinsky, Volga, and Kama-Pechora projects, and outlines of larger plans of 
the “five-seas” and similar character. The writer has retained a general in- ; 
* terest in the progress of such plans. Other: sources of general information 
It is believed that something very substantial canbe learned from a knowl 
edge of Russian plans and projects, including the hydrologic inadequacies and 
other conditions or results, favorable or yr unfavorable, mentioned by the author. _ 
a greater technical exchange between the planners, engineers, , and scientists a 
of both countries , and in the United Nations at large, would be of mutual ad- 
"vantage. The paper by Zvonkov, 12 proposes a wide international exchange of a 
experience and information, including surveys, basic data, hydrology, hydrau- 
floods, channels, siltation, ice, reservoirs, hydroenergetics, hydro- 
a technics in land improvement, transport, water supply and protection, etc. 
Zvonkov also proposes plans for organizational institutions and measures to 


ful and open-minded appraisal of the science and techniques of river- samen’ 
_ Russian river and harbor plans should be of interest tom many Americans y 


“facilitiate such exchange. Divergent views should not standin the way of care- F 
concerned with the > development c of r river- system resources andr not only engi- 7 


seas” mentioned by  Kabelac, waterway inter- 

- a February 1961, by Otakar W. Kabelac (Proc, Paper 2749). 


Over-All River-System and Inter -System Scope of the Planning.—The “five- 


j Cons, Engr., , Portland, Oreg. 


a “Integrated Water Resources Development in the River Basins of the | USSR,” “a 
. V. Zvonkov, Academy of Sciences, USSR, Tech. Sciences Sect., 1957. _ mee ith 
“13 Proceedings, Regional Tech, Conf, on Water Resource Development, 1956, uw 
Commission for Asia andthe Far East. 

4 Reports on Relative Water and Power Resource Development in the USSR and the : 
usa, by Committees on Interior and Insular Affairs and Pub, Works, U. S, Senate, Jan- 
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Caspian, and Black Seas, is illustrative. Other impressive 
4 are outlined in short- or long-range plans. Examples are, The Dniepr connec- 
tions Volga and Baltic; the West- East interconnections 
_ Yenesei, and Lena systems, through the large lateral tributaries, to serve 
large resource- extraction and heavy-industry complexes in Sibe: Siberian 
Inter-System Hydrologic Research and Planning. _—The objective 
of diverting water from the northward-flowing Arctic reaches to oe 
. zone streams and basins, where there is the greater prospect of beneficial 
* — use, has very deep meaning in Russia. In North America, the principle is es 
‘most likely to have important meaning in connection with the and 
Mr. Kabelac mentions the Vychegda-Pechora-Kama transfer, through w 
part of the waters of the Northern Dvina and Pechora can be diverted south- —— 


ward to help fill deficiencies in the lower Volga and the Caspian Sea and to © 
check regression in the latter’ level. There is also a proposal : for a long 
canal east of the Urals to relieve the » shortages!2 ap apparently following upon the 


a lack of ‘water resources in Central Asia and the dislocation of call 
; _ the water balance of the Caspian Seahave raised the question of shifting _ 

_ the waters of the Ob and even of the Yenesei Rivers, which now flow use-_ 
lessly into the Kara Sea, into the Caspian Sea. _ Preliminary ‘considera- — 

_ tions envisage the construction of highhead dams on the Ob River to send > 

the waters along the Irtysh and the Tabol Rivers via the interbasin — 


_ canal (the _Turgai Gates) to the Sea of Aral, and then hada a canal to 


The broad scope of inter- -basin plans—including measures to avoid or 


"mitigate. serious dislocations or imbalances in hydrologic or ecological con-_ 


& ditions in affected waters—was discussed in more popular vein during the — 
earlier stages of planning and development.15 
Strong Place of Inland Navigation in Development and in the 
_ Russian Economy.—In regard to waterway development, it is significant to — -_ 
discuss further the expansion of the U.S.S.R.’s inland waterway lines and traf-_ 
- fic. Between 1913 and 1955, their lines have more than doubled, from approxi- 

mately 40,000 miles to approximately 82,000 miles. Traffic has not moved up- 

_ Ward as rapidly, but the waterway improvement seems to be coming from a _ 
_ developmental into a pay-off stage, in view of the mileage increases of past 
and current years, According to available figures, the expected jump in ton- 

_ Kilometers is from about 85 billion in 1958, to about 140 billion in 1965, and 

“the extensions and improvements are to go forward on a large scale. 
‘From rather knowledge, it ‘would appear that their ‘prospective 


as, about 86 billion ton-miles for 1960, which compares with a United States level 
of about 250 billion. However, over half of our total, or about 130 billion, is — 
ae on the Great Lakes—a very special facility not paralleled in the USSR, Thus, — 
outside of the Great Lakes, the traffic of the United States and the U.S.S.R. is 
the same order or that of the latter seems more 
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likely to increase under the pressures of of materi al 
resources: and industry, and under the pull of a continuing waterway rl 
Power Development. —From the writer’s veiwpoint, there are strong chal- 
_ lenges in the U.S.S.R. power development. Projects and plans encompass the - 4 
large plants of the Great Volga waterways, but also the greater power streams ~ % 
4 Siberia—the Ob, Yenesei, Lena, and Amur. Most notably, perhaps, the devel- 4 
‘ opment of the strategic Angara, regulated | by Lake Baikal, is well under way. 
this broad development, hydro-generating units and power plants ex- 


x '. ceeding any of our own are coming into being, and transmission lines of greater | 


= os, voltage, and capacity than any we have yet developed are appearing. 
na - Qver-all rates of development of power capacity and output are increasing in 
considerable excess of ours, and, under present compounding rates, the 
7. a U.S.S.R. seems s likely to achieve parity within a score of years.14 The — 
o; lenges of our own growing need, _ pointed up pe perhaps by Russian achievements, 4 
is would appear to the writer to point up desirable American policy and program > 
Te, directions, for example, the appraisal of all energy sources, the formulation 7 
a progressive national power supply plan, and the acceleration of well- q 
supported and correlated research and experimental work in power generation ov 
(including nuclear power) as well as energy transmission, interchange, and — 
_ Irrigation Development. —In the field of reclamation, it is also desirable to &§ 
fill out the picture of the bold plans and projects of the U.S.S.R. for watering — 4 
of the trans-Volga, lower Ural, Caspian, and Central Asian steppes. 12,14 A 
_ striking proposal in this connection is the Ob-Aral-Caspian canal, mentioned 
2; Of course, American geography does not lend itself | to the development of 
plans of any high degree of similarity, except perhaps as to | the vital elements 
in broad multiple-purpose basin and inter-basin planning. 
on Multiple-Use and the Comprehensive, in Over-All Planning. — The 


& 


+ general boldness of concept, purpose, and execution and as to the close ties 


“correlation of development of navigation, power, flood control, irrigation, and 
‘ely other uses, the development of land and water transport, and the general land, 
. = industrial, and community development in the Volga-Don region. | 
The writer was impressed in the U.S.S.R., and later in India, with sys- — 
tematic efforts to consider full use of all waters of a river basin for all bene- 
 tietal purposes, to lay out optimum plans of long-run use, and to develop speci- 
fic and economically justifiable projects and programs within that unified and 
“idealized general river-basin scheme. The logical concept is to see the whole “a 
to get the best plan of control, to hold that plan together in its essentials, to 
refine and to improve as required from time to time, and to select from the 
a _ In the United States, the approach, from the writer’s viewpoint, tends to be 4 
- angular and piecemeal. Too much energy is oriented to one or two purposes ~ 
_ and to individual projects, and these projects often lack cohesion, and are, 
vulnerable to attack and disruption in detail. The better mode 


¢ 
— 
to determine th 


This kind of approach has much more than ordinary meaning for the Ram- 
_ project and Yukon Basin planning—a great area where river-eystem 
development is beginning from the ground upward. Success ina relatively 
. remote and deeply under-developed region is highly dependent upon simultan- 
_ eous research and planning for coordinated and comprehensive action in engi- 
é neering, industrial location, power transmission, transportation, community 7 
; expansion, etc. _ The engineering project cannot stand alone in the wilderness. 7 
Its uses and supports must be developed with it. 
Stress on Scientific Research and Development in River-Systems and Related 
Fields. —In the view of the writer, there are challenges in the attitudes of the 
Russians toward scientific and technical research and development. For in- 
_ stance, Mr. Kabelac’s report and other reports indicate some notable innova- 
tions in dam-spillway-power unit layout and design, , resulting in substantial » 
benefits in construction economy and turbine efficiency. 
Besides the more specialized or specifically- directed research of the 
various development and operating agencies, very extensive and coordinated — 
‘programs of research and experimental development are carried on under the e 


- 


aegis general scientific agency, The Academy of Sciences of the 

OU. S.S.R.12 Perhaps a more effective environment for general, yet well- 

coordinated scientific developments can be attained use Of 
the general science agency and the specialized agencies, 


in scientific and technological research and for 

in the fields of water r resources, river-system hydrology, hydraulics and river i. , 

ow orks, energy sources, power generation and transmission, energy utilization, 
“aie supply and pollution control, fish biology and engineering, recreational 

requirements, etc. Undoubtedly, handsome economic and social dividends could 

_ be achieved through a basic, well-coordinated and well-financed program of | 


ww. Other World Approaches to River Development. —A good deal of what has i a 


« tion on progress in China is harder to “come by than that concerning the 
2 U.S.S. R., but various | scattered reports do show gigantic efforts to bring <. a 


- China’s rivers under control, and from source of sorrow into great usefulness. 


Gorge project for hydroelectric power, flood | control, irrigation, and | other 
beneficial purposes, and on multiple-purpose control of the Huang Ho, includ-  & 
ing a long irrigation canal into the arid region of Inner Mongolia. ee ae 
_ Naturally, we should not stop at this point in our observation of the develop- : 


‘ment of plans for the world’s great r rivers, The emerging plans for the — 


‘ 

Deen Sd previously abou ne Gesiray Ol Delng aWare O Ver develop= 
uae S ent in the U.S.S.R. has application to China. Our tendency now seems to be fa &§ 

7 
for the Mekong in Southeast Asia, for instance, will warrant our attention both 
al for the broad socio-economic concepts and the engineering features that 
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‘2B Beginning on add figure captions as follows: 


“Russian ‘Channel Works” Steinberg, November 1960, 


4 “FIG. FIG. GENERAL ‘MAP OF RUSSIAN RIVER BASIN 


2 
FIG. 2. COMPLETED CHANNEL IMPROVEMENTS 
FIG. 3. 
COMPLETION (JAN. 1987) 
‘FIG 4 "FLEXIBLE F FENCE (ocr. 1959) 
em es CHANNEL TRAINING WORKS AT RIVER MILE 53.2 LOOKING | 
= UPSTREAM (JAN. 1957) 
6. CHANNEL TRAINING WORKS AT RIVER MILE 53.2 LOOKING ~ 
UPSTREAM (OCT. 1959) 


FIG. 8. CHANNEL TRAINING WORKS AT RIVER MILE 53.2. VIEW BE- 
HIND MAIN JACK LINE NEAR MIDDLE OF “INSTALLATION: 


10. _ CHANNEL BARRIER JACKS, RIVER MILE 52.9. VIEW FOLLOW- 


ING INSTALLATION (DEC. 1956) 


CHANNEL BARRIER JACKS, RIVER MILE 52.9. (SEPT. 1957) 


FIG. 12. CHANNEL BARRIER JACKS, RIVER MILE 52. 9. VIEW LOOKING» 


71 _ UPSTREAM FOLLOWING PER FORMANCE DURING C ONE — 
AFTER RECONSTRUCTION (MAY 1958) 


13. SAME VIEW AS FIG. 12 (APRIL 1960) 
FIG. 14. WIRE MESH AND BLANKET. RIVER W MILE 52.2— 
_ FIG. 15. APPROXIMATELY SAME VIEW AS FIG. 14. (APRIL +1960) 
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abbreviation at the Paper. Mamber, the symbole referring ti: 
CH. ering Mechanics Highway 
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(Eas), 2676 (TRAY, 12), 2879 (EBB), 


3), 270% POL), 2 
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2806(8A3) (wwa), 2808 2800 WW2); 2812(HY3), 


2015( ww), 2016(HYS), wer), 2821 (Ww2) 
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